






AUGUST a 


T POST APPI 
“PP255003001 72 




































































Incest = ~—_—sINC GST 


24/7 solar Bowen * 
Cala cchk tolnls 

now mos (ool ns 
Remote-controlled 
5 1 second - 100 hour 


Digital Up/Down 
Timer 















apt 
lop 
023721 Bub 


we test 
30-year-old 

_ QUAD 
Electrostatics: 


























Designed for long life, and using the latest in high 
intensity technology, these MR16 downlights pump 
out brilliant lumens of white light. 







DC to DC converters are useful for running 12V 
_ devices from a 24V supply in a truck or bus. These 
_ have switchmode technology for light 

| weight & compact design. Input & output 
is via cigarette lighter plug & socket. 







> Lumens: 450 
© + Colour temperature: White 5000 - 7000k j 
— + Lens:38 degree $649 
_ + Dimensions: 50(D) x 63(L)mm 
20-0353 WAS $74.95 














| + Input voltage: 20 - 30VDC 
+ Output voltage: 13.8VDC 

_ + Output current: 7A continuous, 10A max. 
+ Efficiency: 85% 

















+ Dimensions: 160(L) x 48(W) x 48(H)mm SAVE : 
s _ + Lumens: 310 
MPSEE WAS 568-25 $10 bs y + Colour temp: 2700 - 3500k 





sci 2 + Lens: 38 degree 
x : * Dimensions: 50(Dia) x 63(L)mm 
4 Port HDMI Switcher with 10-0354 WAS $74.95 g@q95” is 
SPDIF /Coaxial Audio Splitter SHE AC 
—— 

































HDMI integrates audio and video signals, however it results in = 
| less than optimal audio output. This 4 port HDMI switcher 
separates the audio signal from the HDMI interface and 
transmits it to an amplifier by SPDIF or coaxial (RCA). Remote 


included. 


+ 4x HDMI inputs, 
1x HOMI output 
with coax and 
SPDIF audio output 

+ HDMI 1.3b compliant 

+ HDTV 1080p resolution 

+ Amplifier bandwidth 2.25Gbps/225MHz 

* Dimensions: 155(W) x 70(D) x 23(H)mm 

AC1625 










Over the last 20 years this iconic tweeter has found its way 
into countless OEM hi-fi, home theatre designs and high end 
speaker kits. Features an aluminium alloy diaphragm with high 
precision phase shield and butterfly voice coil assembly with 
Ferro fluid cooling to ensure high power handling. A double 
chamber also provides a resonant frequency of 850Hz. Add 
Fone to your project or give your current 
speakers a new lease of life. 











This solar powered tail light is a simple and versatile addition 

to your night riding equipment. The solar cell charges the two 
AAA batteries during the day giving you enough power to ride 
~ for hours at night. The device uses 4 red LEDs 
that blink in unison creating an easily 
visible beacon to cars and trucks. 


* Weight: 73g (with batteries) 
* Measures: 64(W) x 95 
65(H)mm +12 


513276 WAS $23.95 (SAVE 


11° 
HDMI Over Cat 5/6 Extender | )/ w=: 


Most HOMI over Cat 5/6 extenders available uses two cables 
for data and signal transmission. This extender only utilises 
sone Cat 5/6 cable reducing the cable costs further on 
transmission over great distances. Both unshielded twisted pair | 
) (UTP) and shielded twisted pair 
| (STP) cables may be used, 
) however shielded is 
; recommended. 


| AC1681 $1 49 00 









































+ Power handling: 100WRMS 
+ Nominal impedance: 6 ohms 
(7-2020 


‘119% | 







































These headphones use state-of-the-art digital audio 

technology to receive 2.4GHz signals from the USB transmitter 
(provided) which easily plugs into a desktop computer or 
notebook. The signals can come from TV, 
DVD/ DVB, CO player or MP3 players. 


+ 92dB audio dynamic range 

* Operating at 2.4GHz ISM band with 
8 selectable channels 

+ USB transmitter compatible with 
Windows OS 98SE/Me/2000/XP 

5 + Requires 2 x AA batteries 

HDMI Leads with Extender AA2035 WAS $99.95 











VGA and 2 x RCA sockets for 
stereo audio and video. 
| PT-0478 c 
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8 Way High End Powerboard 

with Surge Protection 
Ideal for home theatre and any other application where you 
have high-end gear connected. Surge protection and filtering 
afe provided for the mains power to all your equipment and 
Home Theatre Powerboard each socket is protected through active, neutral and earth. 
Surge protection and filtering is provided to all your home Additional protection is provided by the built-in circuit 
theatre equipment connected to this powerboard as breaker. This powerboard also has telephone protection (1 
well as current protection input, two outputs so doubles as a splitter), data protection 
via the in-built for a network connection, satellite / cable TV video 
circuit breaker. protection, and protection for the TV antenna. $50,000 
Connected Equipment Warranty. 


















| Normally you can't run an HDMI cable over a maximum of 
| about 5 metres without using a booster. These cables solve 
this problem by adding an extender to give you a range of 15 
| of 20m with no need for additional power. The connectors 
have gold plated contacts. HDMI 1.3 and HDCP compliant. 


- WQ-7403 $99.00 © 
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- WQ-7409 $199.00 a 








- WQ-7408 $139.00 * Provides See website for details. 
protection to MS-4029 
telephone, WAS $99.95 
data via a $49 95 
\ network connection, satellite /cable 49 j $89 %5 
TV and TV aerials. ape SAVE 
\\ "a MS-4024 WAS $64.95 $15 ies $49 













To order call 1800 022 888 Jayc ar 


WWW.jaycar.com.au Electronics 


Prices valid until 23/08/2010. While stocks last. No rainchecks. Savings are based on ORRP. 
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10 Solar Power When The Sun Doesn’t Shine 


Here’s how the Spanish get solar power around the clock using advances in 






thermal storage — by Richard Keech & Matthew Wright if vA 
16 Flat-Panel TV 42 Years Ago High-Power Reversible 
If you thought flat-screen TV was a recent innovation, check out this article DC Motor Controller — Page 26. 


from “Electronics Australia” 42 years ago! 


20 Quad HiFi Gear: How It Stacks Up 30 Years On 
Quad gear was revered by hifi enthusiasts from the 1950s to the 1980s. So 
how well does it stack up against modern hifi gear? — by Nicholas Vinen 


72 Review: Hameg HMF2550 Arbitrary Function Generator 
This unit can deliver a 14-bit arbitrary waveform at 250MS/s, a sine or square 
wave up to 50MHz or a triangle wave up to 10MHz. It also does PWM, FSK 
and more — by Nicholas Vinen 
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26 High-Power Reversible DC Motor Speed Controller 
It’s available in reversible and non-reversible versions and features soft start, 
relay switching of motor direction and PWM speed control — by Branko Justic 


34 Remote-Controlled Digital Up/Down Timer 
This versatile timer can count up or down from one second to 100 hours 
and is programmed using a universal infrared remote control. It can also be 
automatically controlled by external trigger inputs — by Nicholas Vinen 


58 Build A Large Ultrasonic Cleaner 
Looking for a large ultrasonic cleaner at low cost? This unit is ideal for 
cleaning automotive and other large mechanical parts — by John Clarke 


80 Electrolytic Capacitor Reformer & Tester 
Got a bunch of old electrolytic capacitors you'd like to use... but don’t know if 
they are any good? Or do you need to re-form the electrolytics in an old valve 
amplifier or vintage radio set? This unit will do the job — by Jim Rowe 


$pecial Columns a 
44 Serviceman’s Log Bares — 
Fa 





Remote-Controlled “ss 
Digital Up/Down Timer — Page 34. 


Consumer gear that’s faulty out of the box — by the Serviceman 


67 Circuit Notebook Build A Lange Ultrasonic Cleaner 
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The Airzone 612 6-valve battery-powered console — by Rodney Champness 
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Publisher's Letter 


Big business is driving the push 
for a carbon price 


As most readers will be aware, Australians have two 
major concerns about energy and energy prices. The larg- 
est group would appear to be those who are concerned 
about the ever-increasing prices for energy, whether it 
be for electricity, gas, petrol or dieseline. This concern 
is real and prices are set to go up at an ever-increasing 
rate, particularly for electricity, because of the lack of 
new power stations being built and the increasing sub- 
sidies being offered to costly renewable energy sources 
such as wind and solar power. 





The other group of Australians who are concerned about energy prices are those 
who are actively promoting the idea of a “carbon price”, particularly now that the 
Australian government has postponed any immediate action on climate change or 
an emissions trading scheme (ETS). Probably you think that “green” politicians are 
behind this push and it is true that there is quite a lot of coverage of the statements 
made by green groups in the media. However, it is not the greens who are doing 
most of the pushing — it is big business. 

To get an idea of the big business push, you only have to look at “Carbon Expo 
Australasia 2010” planned for Melbourne in October this year. It is supposedly 
aimed at “energising the low carbon economy”. Now you might think that this is 
all about “feel good” stuff like installing solar panels on your roof and using water- 
less toilets but you would be wrong. You only have to look at the list of businesses 
and business groups involved to have serious misgivings. 

A partial list includes the Carbon Markets & Investors Association, Investors 
Group on Climate Change, Environmental Business Australia, Asia-Pacific Inves- 
tors Trading Forum, AGL and Bloomberg New Energy Finance. These people are 
involved because they can see big opportunities to make lots of money if the gov- 
ernment can be persuaded to bring in a carbon price or carbon taxes. If either of 
these do eventuate, energy prices can be expected to go up at an even faster rate. 


Last year’s CarbonExpo conference was seen as a build-up to the Copenhagen 
Conference which ended in disarray. The moderator at one of the sessions at Car- 
bonExpo last year was Dr Rajendra Pachauri — he is the same person who claimed 
that all the Himalayan glaciers would melt within 30 years! Nobody is giving that 
any credence any more. 

You can download the draft program for this year’s conference at http://carbon- 
expo.com.au/uploads/file/2010/2010DraftProgram2406.pdf and there you can see 
that they plan to discuss matters such as “raising finance for low carbon projects 
from institutional investors”, “the state of carbon markets”, “Interaction with Asia 
— issues and opportunities for interacting with Asia as the region transitions to a 
low-carbon economy”, “Carbon capture & storage”, biofuels and so on. 

None of this is good news for people concerned about increasing energy prices. 
It is all about looking for new ways to make money — lots of it and government- 
mandated to boot. 


In the session entitled “Australia’s role in international action & markets” they 
will include consideration of: a science update — how has the science shaped up 
over the last 12 months? What is science’s latest view of the emissions reduction 
imperative? How has science responded to the rise of climate change scepticism 
— in terms of content & process? Can the carbon market expect increased support 
from strengthened climate change science? Does this sound like a balanced forum? 


It seems that unless there are big changes in the political scene in Australia, we 
will be paying much, much more for energy in the near future. 


Leo Simpson 
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A genuine digital scope that is ready in seconds! 
50MHz 240MSPS real-time sampling 
3 channels - 2x 8-bit and Ix |-bit input 

» FFT in dBVrms, dBm (50, 75, 100, 300 600 
Ohm termination) with selectable window 
+,-,x and - math functions and memories 
Auto and manual measurements using markers 
USB host - save waveforms as .txt or .csv 
Save screen shots as .bmp 
Easy fast uploads of new firmware revisions 
Perfect with widescreen monitors (but fine 
with just about any old computer monitor!) 
Very easy operation - just single mouse clicks for 
controls and you can easily move waveforms and 
objects directly 
And so much more (see our website for full specs) 
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Introducing ScreenScope - the new type of scope you are going 
to love to take sapiens and use anywhere. al ou need Is a 
mouse and virtually any computer monitor. You don’t need a PC 
and it’s fun to use! And just look at the low, low price: 
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www.sereenscopetraces.com 





MAIEBAG 


Letters and emails should contain complete name, address and daytime phone number. Letters to 
the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has the 
right to reproduce in electronic form and communicate these letters. This also applies to submissions 


to “Ask SILICON CHIP” and “Circuit Notebook”. 


Most older homes do not 
have RCDs fitted 

In the letter “Foil Insulation & 
CFLs”, Mr Pierson (Mailbag, June 
2010) asked where the RCDs were if it’s 
compulsory to have them fitted. The 
answer is surprisingly simple. When I 
last worked in the private maintenance 
sector 4-5 years ago, it was compulsory 
for all new houses to have them fitted 
during construction. Any maintenance 
work on the electricals in existing 
houses had to have them fitted if they 
were not already installed. 

There are quite a lot of older houses 
where no electrical work has been 
done since that rule has come into ef- 
fect so that means that those houses do 
not have RCDs fitted yet. I lost count of 
the number of RCD units I fitted when 
in the maintenance sector but there al- 
ways seemed to be more switchboards 
to be upgraded. 

Brad Coleman, 

Brisbane, Qld. 


Mains surge suppressors 
& warranty claims 

Over the past year, I have noticed 
that many of the large retailers of TV 


All fluorescent tubes 
contain mercury 

Iread your article entitled “Slash 
Your Factory/Office Lighting Bills” 
on the May 2010 issue with inter- 
est. 

However, on page 19 you indi- 
cated with the picture of the NEC 
fluorescent tube that the absence 
of the “HG” (mercury) marking on 
the quad-phosphor means that no 
mercury is present in this new tube. 
This appears to be misleading and 
requires further clarification. 

I believe that HG on the product 
is defined as “High Grade” on the 
NEC fluorescent tube and does not 
indicate mercury (Hg). In the Peri- 
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sets are advising that either warran- 
ties and/or insurance claims will be 
rejected if you do not use a mains surge 
suppressor, which of course they have 
available at a price. I was surprised 
a few days ago that one such retailer 
had a surge suppressor sitting on top 
of each washing machine and when I 
asked if they included one with each 
washing machine I was told once again 
that they were available at additional 
cost and that unless you used one with 
the machine, warranties and insurance 
claims would be rejected. 

I have just checked with my insur- 
ance company and they say that using 
a surge suppressor has no effect on 
their insurance conditions, which are 
defined as electrical damage caused 
by lightning either directly on the 
equipment or due to lightning caus- 
ing a surge in the mains supply. If a 
surge in the mains supply is not due to 
lightning (which has to be determined 
by a technician or by meteorological 
records), they advise you to contact 
your electricity supplier. 

Since all TV sets now use either LCD 
or plasma screens and most washing 
machines are electronically control- 


odic Table, mercury is specified as 
Hg where the “g” is lower case (small 
letter alphabet) as opposed to upper 
case (capital letter alphabet). 

I picked up one tube to analyse 
the labelling that you mentioned. 
On the paper sleeve packing of the 
NEC fluorescent tube, it stated HG 
as “High Grade” and not as mercury. 
HG is Tri-Phosphor and the HGX is 
designed to be used for electronic 
ballast units. X series is Quad- 
Phosphor but note that both X and 
HG has a 5000K colour temperature, 
even though one is Tri-Phosphor and 
the other is a Quad-Phosphor type. 

I am yet to come across a fluo- 
rescent tube that has no mercury 


led, | wonder why the manufacturers 
don’t build in surge suppressors if 
mains surges are such a problem. I am 
inclined to think that it may have more 
to do with adding to the retailers sales 
(like extended warranty). 

I wonder what other readers have 
found when shopping for home ap- 
pliances and whether there are some 
valid warranty or insurance claims 
that have been rejected because no 
mains surge suppressor was used. 

R. Sanders, 

Kiama, NSW. 

Comment: any retailer pushing the 
sale of mains surge suppressors on the 
grounds of possible warranty claim 
rejections would appear to be on shaky 
legal ground. 

As a first point, you could argue 
that the dealers are selling equipment 
which they know is not of “merchant- 
able quality” if there is a danger that 
mains surges will blowit. All electronic 
equipment intended for use with the 
230VAC mains should be able to with- 
stand normal surges and will typically 
have MOVs (metal oxide varistors) in 


although modern fluorescent tubes 
do contain negligible amounts. 
A manufacturer can produce a 
mercury-free fluorescent tube by 
substituting aluminium trichloride 
which when energised produces 
a plasma discharge that emits 
ultraviolet and visible radiation. 
Phosphor, in the form of a par- 
ticulate layer or a gas, converts the 
ultraviolet into visible light. So it 
can be done but the cost involved 
will be very much higher. 

Michael Ong, 

Wembley, WA. 
Comment: you are quite correct. 
The reference to mercury in that 
caption is a mistake. 





siliconchip.com.au 











Possible vintage radio 
restoration project 

We found this old HF two-way radio at the bottom 
of the Torrens River in Adelaide near the Southwark 
Brewery. The river was dry during summer, the 
second time in 40 years. 

A 2.178MHz crystal was found inside and was the 
only thing still working (made in the UK). Note the 
valve still inside, although air has entered the tube. 
We couldn’t find any identifying markings on the 
radio. Any reader feedback would be good. We are 
thinking it would be a good restoration project. HaHa. 

Dom Martucci, 

Adelaide, SA. 

Comment: is there any reader out there who feels 
like rising to the challenge? Er, perhaps not. 


their power supplies to provide protection. 

Second, if there is such a condition in the warranty, 
the dealer should be able to refer you to it. Third, it is 
just possible that some of the extended warranties sold 
by dealers do have such a condition but again, it would 
need to be highlighted to the potential customer. 

Having said that, there is nothing wrong with connect- 
ing valuable appliances via a mains surge suppressor 
to provide extra protection. However, we would be wary 
about using them with washing machines as their induc- 
tion motors have high surge currents in normal use and 
these may trip any current overload device in the surge 
suppressor unit. 

Finally, while we understand that retailers often make 
very little margin on major electrical and electronic 
equipment and therefore try to make more profit by sell- 
ing all sorts of accessories, there should be no compulsion 
on the customer to purchase these devices. 


Switchmode supplies cause 
mains waveform distortion 

Your article on electronic ballasts for fluorescent 
lighting (SILICON CHIP, May 2010) did not mention the 
possible introduction of harmonics to the mains. I work 
in an office with a large number of PCs fed from a large 
3-phase inverter. Some time ago, an electrician working 
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Serving you with 20 years of LED experience 


; Saving Energy & the Environ 


Sydney: 


Melbourne: 


Brisbane: 
Auckland: 


ite, 24VDC. 
‘colour & dimming. 


Tel. 02 9748 0655 
Tel. 03 9886 7800 
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meas New LPC2368 Controller 


* Includes LPC2368 Microcontroller 
with 512kB Flash Memory 
*USB, LAN, CAN, SPI, |2C, 
tar LCD Connections 
*6 Channel ADC and DAC On-Board 
= *SD Card Connector for Data Storage 


* Standard 433MHz PLL Based 

* Range Up to 300m 

* Data Rates Up to 115K bps 

« Works with most 
Microcontrollers 


i ie 


* Huge Range of Miniature Solar Cells 

* Ideal for Projects and Experimentation 

* Also in Stock Solar Regulators and 
Dual Battery Chargers 


We are your one-stop shop for Microcontroller Boards, 
PCB Manufacture and Electronic Components 





Mailbag: continued 


in the switchboard feeding the PCs brushed up against the 
neutral wire and noticed that it was warm. A current meter 
showed that it was carrying about 100A; more than any of 
the Active phases. The electrician could not explain this 
but fixed the problem with a larger gauge Neutral wire. 

Later, I found out that this large Neutral current was 
caused by the third harmonic distortions created by the 
PCs’ switchmode power supplies. In a balanced 3-phase 
system, the fundamental frequencies will cancel each other 
out in the Neutral. However the third harmonics will add 
together to produce a significant Neutral current. 

I do not believe that this is well-known and may be a 
problem in older 3-phase installations where the Neutral 
wire would sometimes be smaller than the Active phase 
wires. 

It would be interesting if you were able to measure the 
mains distortion produced by electronic ballasts, since if 
it were significant, it could present a problem in a large 
installation with the lighting spread over three phases. 

Mark Baker, 

South Perth, WA. 

Comment: most switchmode power supplies do cause 
considerable distortion of the mains waveform because 
they take their current from the peak of the waveform. 
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That is why the peaks of the sinewave are often clipped. 

However, our current waveform for the electronic bal- 
last shows a reasonable sinewave (see Fig.2, page 14, May 
2010), albeit with a relatively small amplitude higher 
harmonic. We therefore assume that our sample electronic 
ballast luminaire does have power factor correction, in 
that it draws its power over the whole mains cycle rather 
than just at the peaks of the waveform. 

We do not have any easy way of measuring the distortion 
caused by a single electronic ballast. 


Queensland electrical licensing regulations 
are full of legalese 

Ihave read some readers comments in the Mailbag pages 
about electrical licensing in Queensland and thought that 
you might be interested in my experience. My licence was 
due for renewal in February and I have decided not to 
bother. I am supposed to do a test based on rules which 
I refuse to have any thing to do with, on principle. The 
skills maintenance course has nothing to do with electrical 
skills; it is to promote a rules-based profession. 

The documents that you have to read to do the test are 
called: Electrical Safety Regulation 2002, Electrical Safety 
Act 2002, Code Of Practice Working Near Live Parts, and 
Code Of Practice Electrical Work. Now if these documents 
were written for the general public who wanted to do thir 
own electrical work then it would be fine but not for people 
who are supposed to be highly trained. 

Standards and wiring rules etc have been around for a 
long time but these were written by electrical engineers 
and I would recommend them to anyone who wants to do 
electrical work. These new ones I believe are written by 
lawyers and by the many changes and revisions made to 
them since 2002, when they were first printed, it seems 
to me that they make these rules as they go along. As an 
example, on page 31 of the code of practice it says: “work” 
on an electric motor means work on the electric motor that 
would be electric work if the electric motor were electrical 
equipment”. The part that really disgusts me though are 
all the penalty points. 

All the Government departments that I have contacted, 
to bring this 600 pages of useless information to their at- 
tention, seem to have missed the point. I am sure that they 
can’t bring themselves to believe that there are laws that 
are fixed for all time, that don’t have to be tested in court 
and were not created by them. Real tradesmen only use 
electrical laws such as Ohm’s law. If you have a complete 
understanding of these laws and how to apply them, it 
enables you to carry out electrical work properly and safely 
and neatly; in other words, in a tradesman-like manner. 

To do all this you have to be properly trained and I 
believe that is why the government has resorted to the 
threats of heavy fines and even jail to try to force so called 
“electrical workers” to do their job correctly. 

Ican remember doing some electrical work that was not 
as straightforward as one might think and which took a 
bit of mathematics. When I had finished, I asked the ap- 
prentice training with me if he could tell me why we had 
to do what we did. Straight away he quoted some rule 
numbers which may have been correct for all I know but 
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when [asked what electrical laws were 
involved he had no idea. I should have 
known something was wrong then. 

If we do go in for nuclear power 
stations, then I hope that they don’t 
use these electrical workers to wire 
them up! 

Ron Groves, 

Cooloola Cove, Qld. 


Free organ to 
a good home 

I have an Electone electronic organ 
to give away. It works but the key 
system needs some maintenance. It is 
large and heavy and will need a ute or 
truck and two people to move it. 

Please phone 0402 061 576 for fur- 
ther details. 

Bryan Maher, 

Springfield, NSW. 


DAB+ to FM/AM converter 
could be desirable 

I think that you were a bit hasty in 
dismissing the suggestion from PM, 
Karabar, NSW (Ask SILICON CHIP, July 
2010) fora DAB+ to FM/AM converter. 





q 
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For more information, contact 


SIOMAR BATTERY ENGINEERING 


Phone (08) 9302 5444 or email mark@siomar.com 
'  www.batterybook.com 


Keep that VCR in use 

With the impending demise of 
analog TV, there must be many 
people who, like me, are not fussed 
about High Definition and have per- 
fectly good CRT TVs with SD STBs. 
I also have a nearly-new VCR with 
an analog tuner which will become 
useless. 

Here is a suggestion. Don’t spend 
$500 on a new video recorder. Ob- 
tain a second digital STB. SD boxes 
are available cheaply on eBay and 
will become even cheaper as people 
move to HD. Connect the composite 
video output to the VCR’s AV input. 
Now you can watch one channel 


It is true that FM quality at its best 
can be superior to digital broadcasts in 
terms of detail and resolution. But this 
comparison is only valid where a high 
strength FM signal can be received. 

At my own home I can only receive 
a small number of FM stations, with 
weak signals that are prone to fading, 
giving noisy audio which often drops 


Custom Battery Packs, 
Power Electronic 













while recording another and also 
time-record. The only thing you 
cannot do is switch channels in 
the same recording session; a small 
price to pay, I think. Note also that 
the antenna connection to the TV 
and the VCR can now be removed. 
This will cut down on cables and 
amplifiers in the circuit. 

Graham Hunt, 

Mt. Martha, Vic. 
Comment: good suggestion Graham, 
although for only a little extra money 
you can get the same advantage with 
an HDTV STB (around $80) and 
then you can also record programs 
broadcast on the HD stations. 






















back into mono. This is despite having 
a roof-mounted FM aerial and a state- 
of-the-art analog FM tuner. 

This all changed recently when I 
was given an iRiver B30 portable me- 
dia player as a birthday present. This 
superb little device is the same size as 
an iPhone, yet boasts something which 
the iPhone cannot match — a built 
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Mailbag: continued 


Should battery-operated devices 
have a Star energy rating? 

In the Mailbag pages of the Octo- 
ber 2009 issue, I wrote to you ques- 
tioning DAB+. Then in May 2010, I 
bit the bullet and replaced the FM 
radio on my bus with a Kaiser Baas 
Digital radio, mainly because of the 
new commercial-free stations ZOO 
and WSFM plus. All I can say is I 
have wasted my money. 

A number of my bus driver 
colleagues have also gone digital 
(purchasing Kaiser Baas, Pure and 
Roberts radios) and they are also 
questioning the benefits of digital 
other than the new stations on of- 
fer. When I wrote in, I said I had 
problems with FM around Clovelly, 
Bronte and Maroubra Beaches. As 
far as digital goes, these areas are 
“digital-deaf” zones. 

Icount myself lucky as I generally 
listen to WS FM so when in these 
areas, I flick off DAB back to FM. I 
get some static over the audio but it 


in DAB+ receiver. The audio output 
from this is of very high quality and 
it makes a truly great front-end for my 
NAD amplifier and Acoustic Research 
speakers. 

The B30 tuned in a total of 43 digital 
stations within one minute of being 
first switched on and reception on all 
of these is perfect. This is an impres- 
sive feat when you consider this is all 
achieved using a tiny 6-inch telescopic 
antenna! Quite a few of the stations 
which I now listen to regularly on the 
B30 are only available on digital and 
not on FM. 

Your statement in your reply that 
“most DAB+ programs . . . can be re- 
ceived perfectly well... on standard 
AM/FM radios” is not really true and 
I am sure that many readers who like 
me have less than perfect FM reception 
would be interested in a DAB+ to AM/ 
FM converter. 

Those readers who enjoy the vintage 
radio section in each month’s issue 
are another potential user group. With 
older valve sets which are restricted 
to AM reception, the converter would 
allow access to both digitally broad- 
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is far more pleasing to the ear than 
deathly silence. 

I feel sorry for the AM listeners 
who have gone digital with the 
promise of better clarity and per- 
formance. None of the portable units 
offer AM, so if they are listening to 
2CH or 2SM, they’ve got nowhere to 
go when it mutes. 

In December 2009, Alan Hughes 
from WA commented on what I had 
to say, questioned DAB+ for their 
choice of Martin Place to showcase 
the new product and suggested I 
go to a local electrical retailer, as I 
should not have the same problems 
as I experienced in Martin Place. I 
don’t want this to become a tit for tat 
but that’s fine if you want the radio 
for home, which means the radio is 
stationary. 

As a bus driver, my radio listen- 
ing pleasure is on the move and it 
is extremely annoying when you 
are stopped at the intersection of 
Elizabeth and Park streets in the 


cast FM programs and digital-only 
programs, as well as extending the 
“listening life” of these sets beyond 
the time at which analog disappears. 
Yes, some of the frequency response 
would be lost due to AM reception but 
the point in this case is to enjoy the 
program material via a classic “valve 
sound” on a genuine old radio set. 

Keith Cusson, 

Mount Dandenong, Vic. 
Comment: we will reconsider the 
project concept. In the meantime, we 
have had a high quality DAB+/FM 
tuner under development for some 
time. We hope to publish the first ar- 
ticle for this project in the September 
issue of SILICON CHIP. 


Handy tip on 
USB Electrocardiograph 

In the Ask SILICON CHIP pages of the 
June 2010 issue, J. D. wrote about the 
USB-EGG project, regarding the sourc- 
ing of a capacitor. 

When testing the device, I suggest 
they use a “Lead 2” configuration, ie, 
Electrode 1 to left leg, Electrode 2 to 
the right arm. The other lead groups 


Sydney CBD with perfect reception 
only to totally lose it when a truck 
or another bus pulls up beside you 
at the traffic lights. This happens in 
so many locations. To paraphrase 
Alan “DAB+ is either perfect or non- 
existent”. And that’s exactly what is 
happening in reality. 

Another gripe with the new digital 
radios is how “energy inefficient” 
they are. My colleagues all say they 
now have to recharge batteries, as 
do I, every two days. Our old dial 
radios would go for weeks before 
recharging was required. 

My radio is on for around 8-9 
hours a day and am using the same 
four 2700mA NiMH batteries that 
were in my old radio. I measured 
the current drain with a comfortable 
listening level and in the old radio 
it was around 40mA, while the new 
radio draws a huge 160mA. With 
the 20hr rate of my batteries being 
135mA, it’s no wonder I am only 
managing to get two working days 
out of them. 

Simon Kareh, 

Penshurst, NSW. 





can typically give very small ampli- 
tudes; Lead 2 often shows a clearer 
wave form. Hope this is of help. 

Dr Michael Jensen. 

Sippy Downs, Qld. 


New site for 
DDS VFO software 

The DDS VFO design of mine was 
published in SILICON CHIP in March 
2008. Due to the demise of Geocities 
and their hosted websites, the infor- 
mation on where readers can obtain 
downloads of the DDS VFO software 
and updates mentioned in that article 
is no longer valid. 

I have a new website now where 
this information can be downloaded, 
as well as other details for using the 
DDS VFO with different IF offsets etc 
at www.zl2pd.com 

Andrew Woodfield, ZL2PD, 

Christchurch, New Zealand. 


Accusations of 
Photoshop manipulation 

The pictures of Sanctuary Cove in 
the July 2010 issue really mystified me. 
Both pictures show enclosed pontoon 
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bays full of boats, a fine achievement especially if the 
small problem of opening and closing the “closure” to al- 
low the ingress and egress of the boats within the closure 
has been solved. I was so impressed I couldn’t resist the 
urge to go direct to Google Earth to see a closer view for 
myself. Where were those opening gates to the bays? How 
did they achieve it? 

What a shock. Sanctuary Cove looks totally different 
on Google Earth. It just looks like a marina should with 
traditional bays allowing the boats access everywhere. 
Some big changes had somehow occurred within the 
computers of SILICON CHIP. 

So after a lifetime of seeing/reading/enjoying a re- 
ally professional magazine, I now suspect someone has 
white-anted this fine establishment with a little too much 
Photoshop. It may have escaped your notice but making 
a glaring error like this in a top technical magazine we all 
highly regard is childish. It is probably a youngster in the 
system who doesn’t understand. 

Integrity is more important than a cheap shot like fill- 
ing a Marina up with more boats and bays than it could 
ever hold. As you have named the company, its location 
and shown it on your cover and on page 11 in a grossly 
altered form, it would not be unfair of Sanctuary Cove to 
ask you for an apology. 

The original picture of the marina is fine, so why was 
it even considered for alteration? 

Bruce Wilson, 

Warriewood, NSW. 

Comment: we deny your accusations. Why would we take 
the trouble to extensively modify the photos? They were 
taken by helicopter during the show and were supplied 
by Kevin Poulter. We asked him to comment and here is 
his response: 

“Wish he’d go to a boat show instead of sending a de- 
tailed salvo with no basis whatsoever! 

The aerial photos of the Sanctuary Cove Boat Show are 
not modified in any way, proving that the major boat shows 
around Australia are an incredible logistical effort. The 
existing jetties are extensively supplemented by a great 
number of temporary ones, most being the floating type 
to give full public access. 

I also understand that many of the permanent boats 
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moored there are moved for the duration of the show. It’s 
probably the biggest boat show in the Southern Hemi- 
sphere. During that time, the huge density of boats has 
no resemblance to Google Earth photos, which can be 
years old. 

If Bruce is impressed how a marina can be converted 
for a show just for a few days, he would be gob-smacked 
at the size of the temporary electronics and accessories 
tent halls”. 

Kevin Poulter, 

Dingley, Vic. sc 
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he talk about climate change 

j has seen a renewed interest in 

power. After all, electricity gen- 

eration is the largest single man-made 

source of greenhouse gas emissions, 

mostly from the burning of fossil fuels, 
usually coal or gas. 

But sustainable alternatives exist 
— one of the most exciting is Concen- 
trating Solar Thermal (CST) power 
{sometimes called Concentrating Solar 
Power (CSP)]. 

Traditionally, solar electricity gen- 
eration has been only when the sun 
shines. Hence the great appeal of new 
CST plants which can store their heat 
and generate power even at night. 


Solar resource 


At ground level, the power of the 
Sun on a one meter square surface, at 
right angles to the Sun’s rays is about 
1kW. 

Excluding cloud effects, this gives 
an average of about 6kWh/day for 
every square meter in sunlight. If you 
do the numbers this represents a phe- 
nomenally large resource. 

Australia’s total current electri- 
cal peak generation capacity (about 
49GW) is equivalent to what falls as 
sunlight on an area of about 8km x 
8km (at noon at Southern Australian 
latitudes) or about 0.001% of the Aus- 
tralian landmass. 





When you take into account typi- 
cal sunlight patterns, typical plant 
efficiency and layout, you would still 
need less than 0.05% of Australia’s 
land area to generate equivalent power. 

To put the required land area in 
perspective, it would fit six times into 
Anna Creek, Australia’s largest cattle 
station. It is clear that in a country like 
Australia, the solar resource greatly 
exceeds our energy needs. 


CST technologies 


Before considering how solar plants 
can run at night, let’s review the 
underlying technology of CST. They 
have in common the basic principle 
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of capturing solar energy to heat 
water to generate steam (see box 
below‘not all steamed up’). This 
steam powers a turbine, which in 
turn spins an electric generator to 
create AC power. From the point 
at which the steam is generated, a 
CST plant is similar to coal, gas or 
nuclear in its operating principle. 

A solar plant is distinguished 
by how that steam is generated 
in the first place. To capture solar 
energy, mirrors reflect the sun’s 
rays to a central collection point. 
Different arrangements of mirrors 
exist. Broadly speaking these are: 
troughs, power towers, linear 
fresnel and dishes. 


Trough technology 

In a trough configuration, long 
lines of mirrors with a parabolic 
cross section focus solar radiation 
ona pipe. A fluid pumped through 
the pipe to pick up the solar en- 
ergy is heated to around 400°C. 
The fluid is usually a high-grade 
synthetic oil which does not boil 
or degrade at high temperatures. 
These oils are only suitable up to 
about 400°C. 


Trough technology is the most 
proven CST design. The largest so- 
lar generation facility in the world, 
SEGS (a set ofnine plants near Kram- 
er Junction in the Mojave desert 
California), uses troughs. Jointly 
they have a capacity of 354MW. 

In a trough plant, the mirrors ro- 
tate around their long (North-South) 
axis to track the Sun during the day. 
Because they remain horizontal and 
so don’t track the Sun’s elevation, 
trough mirrors are most effective 
close to the equator. At the latitudes 
of Southern Australia, trough mir- 
rors are only about half as effective 
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as a mirror that can track the sun. 
This is due to the projection effect 
(see ‘capturing the sun efficiently’). 


Linear Fresnel 

The curved mirror structures of 
a trough plant are very expensive. 
A less-expensive variant on the 
trough mirror configuration is a Lin- 
ear Fresnel (pronounced ‘frenell’). 
These systems use long, near-flat 
mirrors close to the ground to make 
an optical approximation of a para- 
bolic trough, without the structural 
complexity. 
{ mn 


} 
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A Linear Fresnel assembly (from Areva Solar — formerly Ausra. 


The systems from Biotec Novasol 
(owned by Australian company 
Transfield) and Areva Solar (formerly 
Australian company Ausra) both have 
relatively low operating temperatures 
(of around 290°C) and therefore there 
is no viable commercially available 
storage method. 

Linear Fresnel companies are mov- 
ing to higher temperatures and pres- 
sures. Mann Ferrestel/Solar Power 
Group are offering 450°C in a Linear 
Fresnel configuration. 


Dish technology 


Mirrors in a dish configuration are 
effective at concentrating the sun and 
track the sun in two axes. Previously 
they’ve been expensive and not often 
used in production solar energy plants. 

Australia’s first solar thermal power 
plant was a dish-based facility at White 
Cliffs in NSW which operated from 
1981 to 1996. This was a 25kW plant 
for an off-grid community and was 
developed by the ANU. 

The ANU has also developed the 
world’s biggest mass production solar 
dish system. The ANU SG4, a fourth- 
generation dish is now ready for mass 
production. 

Their innovative manufacturing sys- 
tem involves a ‘factory in the field’. It 
is built in the field on a very accurate 
jig, instead of adjusting the dish after 
it has been manufactured. 


Tower systems 
Tower-based systems use a large 
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field of near-flat, independently con- 
trolled mirrors called heliostats to 
focus sunlight on a central receiver at 
the top of a tower. 

Tower configurations can scale up 
to configurations involving many hun- 
dreds or even thousands of mirrors. 
This gives towers the greatest capacity 
to concentrate the sun’s rays, leading 
to higher operating temperatures. 

Heliostats are spaced to ensure 
they don’t overshadow each other. A 
modern tower-based solar plant would 
typically pass a fluid through the re- 
ceiver to be heated up to about 570°C 
(and in future up to about 650°C). At 
this temperature, electrical generation 





can be more efficient and cheaper than 
that from a trough configuration which 
heats to about 400°C. 

The turbines required in conjunc- 
tion with a tower are the same as those 
used in coal-fired plants, whereas the 
turbine technology required for lower- 
temperature operation is considerably 
more expensive because of the much 
lower economies of scale. 


Heat Storage 

In November 2008 the 50MW An- 
dasol 1 CST plant near Granada in 
southern Spain started feeding power 
to the grid. What was most interesting 
about this plant was its ability to sup- 
ply power to the grid around the clock 
using a system of heat storage in tanks 
of molten salt. 

The adjacent Andasol 2 plant has 
since come online and doubled the 
capacity to 1OOMW. Andasol 3 is under 
construction now, with Andasol 4 in 
planning. 

These CST plants are each rated as 
having 7.5 hours of thermal storage. 
This number represents the storage 
when running at the full rated output 
of the plant. 

Operators can choose to run at lower 
output for longer periods, giving the 
plant round-the-clock generating 
potential. 


Molten salt 


The use of molten salt as a storage 
medium has been proven for some 
time (the French had a prototype test 
plant in the early 1980s). The US De- 
partment of Energy had a commercial 





An SG4 dish mirror from ANU in Canberra (BZE photo) 
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The PS10 power tower near Seville in Spam (BZE picture) 


demonstration plant called Solar Two 
operating with storage in the 1990s. 
The salt mixture generally used is 40% 
Potassium Nitrate and 60% Sodium 
Nitrate. 

The salt, which is chemically very 
close to fertilizer, has a number of 
properties that make it suitable: 

e It is stable as a liquid over a large 
temperature range 

¢ It is reasonably priced 

e It is non-corrosive 

e It can be used in unpressurised, 
insulated carbon steel vessels. 

In operation, salt is pumped be- 
tween two large tanks — one hot and 
the other (notionally) cold. The salt 
mixture has a freezing point of about 
225°C (depending on formulation) 
and needs to be kept in liquid form 
at all times. 

So the ‘cold’ tank is operated at 
about 285°C, while the hot tank can 
hold a temperature of 400°C or higher. 
There is no material phase change 
involved in the use of the salt. 

Andasol is a trough plant. When its 
mirrors are collecting sunlight, it heats 
a synthetic oil. In turn this is passed 
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through a heat exchanger to re-heat 
the ‘cold’ salt which is pumped back 
into the hot tank. 

When electrical generation is 
required, the liquid salt is pumped 
through a steam generator to drive 
a conventional Rankine-cycle steam 
turbine and then into the ‘cold’ tank. 

Andasol uses Siemens SST-700 
turbines, which are widely used in the 


Molten salt tanks at Andasol (picture: BZE) 





power industry ( 
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Power towers and storage 


Since Andasol was commissioned, 
attention is on the Gemasolar (pro- 
nounced ‘hemasolar’) Solar Tres 
project near Seville in Southern Spain. 

Solar Tres, currently under con- 
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struction, is a power tower rated at 
17MW with 15 hours storage. When 
commissioned it will be the first 
commercial power tower with storage 
and will take advantage of the higher 
operating efficiencies possible using 
this configuration. 

The salt will be heated to about 
565°C. At these temperatures, each 
MWh of energy generated requires 
about 25 tonnes of salt. 

Plants operating at lower tempera- 
tures require proportionally more salt 
per unit of energy stored; with an up- 
per temperature of 400°C, the energy 
stored is about 1MWh per 75 tonnes 
of salt. 


The rotor of a Siemens SST-700 turbine (Photo: Siemens). 


Changing the relative sizing of the 
mirrors, storage and turbine allows for 
different balance between maximum 
power and energy storage. 

In the case of Solar Tres, with 15 
hours of storage at full power, gives 
true baseload capacity. 

The trade off between power and 
storage is shown below. These levels 
of average utilisation (about 75%) 
compare favourably with Australian 
baseload coal-fired power plants. On 
average NSW coal plants operate at an 
average 63% of rated capacity. 


Bad weather backup 
To deal with the inevitable periods 


Turbine size vs storage for same size mirror field (2066/Wh/ day) 


300 


250 


net MWe electrical output 


0 ‘. 
0 2 4 6 
Trading of power and storage 
(source: BZE Solar Flagships). 
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of cloud, it will be necessary to have 
some form of backup energy source. 
Future solar plants could, for example, 
utilise arenewable, low-value biofuel. 

Once backup is incorporated, a solar 
plant could provide the year-round 
dependability required to underpin a 
modern energy economy. 

Backup is of most benefit when a 
plant is installed on an isolated grid. 

However, on larger grids and grids 
integrated with wind power, zero or 
very minimal co-firing with biomass, 
storage hydro or pumped storage hy- 
dro would be required. 


Solar Thermal in the US 


Spain has taken the early lead with 
the first commercial CST-with-storage 
plants. 

However in the USA, the Bureau of 
Land Management (BLM) has received 
over 100,000MW of plant approval ap- 
plications on BLM land-in six states 
alone. 

Half of all these applications are for 
tower-type systems with much of those 
using molten salt as a working fluid 
and 24-hour dispatch storage media. 

This year, according to the head 
of the SEIA, Fred Morse and head of 
Sandia National Laboratories, Thomas 
Mancini, it is expected that around 11 
large scale solar thermal plants will 
be started. 

Each of these projects will take less 
than two years to build. Contrast this 
with 12-24 months for wind plants, 5-7 
years for coal plants and 7.5-19 years 
for nuclear plants. 


Costs 


Currently first-of-a-kind, medium- 
scale solar plants with storage are be- 
ing built in the US which can generate 
power at about 20 cents per kWh. 

New technologies always follow a 
cost-reduction curve once they mature 
and economies of scale are realised. 

Research suggests that when the 
installed capacity expands by a further 
8700MW, CST plants could reach cost 
parity with new coal and gas plants, 
providing power at around 5c per 
kWh. 


Re-powering Australia 
Australia’s entire energy needs 
could conceivably be met with a 60:40 
mix of Spanish-style solar thermal 
and wind. 
Other technologies, such as geother- 
mal and wave power, show promise 
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The Gemasolar Solar Tres plant under co 


Torresol Energy). 


but solar thermal and wind can be 
deployed at scale today and could be 
sufficient to entirely power the Aus- 
tralian electricity grid. 

This research has been done as part 
of the Zero Carbon Australia 2020 plan 
at www.zerocarbonplan.org. 





Conclusion 

The Spanish are really onto some- 
thing. Using technology pioneered by 
the French and Americans, they have 
demolished the myth that you can’t do 
baseload power with renewable energy. 
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nstruction in February 2010 (photo: 


There are now two companies, Tor- 
resol from Spain and Solar Reserve 
from the USA, with commercially 
available solar power system with 
storage. 

These systems’ operating character- 
istics compare well with conventional 
coal, nuclear or gas combined cycle 
plant. 

We no longer have to wait for years 
of research to bear fruit and we no 
longer have any excuse to delay. 

The future of renewable energy 
seems bright indeed. 
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Dick Smith Digital Display 55W Soldering Station’ 






0) GREAT VALUE 


Dick Smith Lab Power Supply 13.8V DC 23A 


Professional 55W soldering station with lightweight soldering pencil, flexible cabling and a This solidly built switch-mode power supply provides well-regulated 13.8V DC output with a 23A current 
plated soldering tip. Adjustable temperature range of 200°C to 450°C, large LED style temperature rating. Highly RF resistant, it is ideal for powering transmitters and other high-current loads in engineering 
metering, plus a long-life ceramic heating element. 12250 LimiTeD stock t Not available in all stores, and servicing applications. Features include an internal thermally switched cooling fan, heavy-duty DC 
but can be ordered in. banana terminals, a strong metal case, and extensive overload protection. 0.1755 


INCREDIBLE VALUE 
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© | Eneloop4xAAA g g g g Eneloop 4x AA Eneloop battery charger 
Ready-Io-Use O! DO] DO] @ Ready-To-Use with 4 x AA Ready-to-Use 
O NiMH Batteries OlOlolo NiMH Batteries Batteries 
re $4412 4 4 O O $4410 $4415 
3 $21” ae sar 29” 
DUST AWAY | DUST AWAY 
«GANT REACH! | VOU CANE REACR 
digitor $16” oN C) 
19 Range Digital Multimeter 0) $] 6” Dick Smith Large 
Dick Smith Battery $] 4” Handy test gear for making basic measurements Aluminium Framed Tool Case 
Tester with LCD Screen in the car, boat or home. Large LCD screen, 10A Dick Smith Dust Away Aerosol Twin Pack Includes removable tool holder, 5 padded internal 
Tests battery sizes: 1.5V button cell, N, AAA, AA, max DC current range, 2000 count operation, Gets at dust in hard to reach places without leaving dividers, lockable latches with 2 keys, plus a strong 
Cand D. Easy to read screen indicates battery 10MOhm DC input impedance. Includes test residue or moisture. Great for cleaning PC keyboards carry handle. Approx 456 x 326 x 148mm. Tools/ 
voltage and condition. 01462 leads, fitted battery and user manual. 1467 and camera lenses. 2 x 150g cans. nooss accessories pictured not included. 14856 


Looking for your nearest Dick Smith store? 
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GococlOor 

32" TV Screen Shield’ 

Fits TVs up to 32". Protects your LCD or Plasma screen 

from scratches. Reduces glare by up to 96%. L600 N EW 
Also available: me — 


42" TV Screen Shield’. tiso2 = / _ a - _$99.95 Loe GREAT PRICE 


DicimatcH’ 
46" TV Screen Shield’. t1603 $119.95 MES —— 
52" VS chides : ~ : $149.95 Digital Ready VHF/UHF Combination Outdoor TV Antenna 
52 TV Screen Shield’. i604 —s _ Bel High gain 30 element wide range YAGI antenna that is ideal for metropolitan and most country regional 
t Only available from our larger full range stores or online. Tv NoTINcLUDED UHF/VHF areas. Can be mounted horizontally or vertically. Mounting pole not included. 14033 














AGN, "Ze . Rea =| | < 158 


Digital | Zz} 


UHF TV Antenna 91 Element P } = eg 2.4GHz Wireless 2 

Deep fringe UHF TV antenna with 91 elements to suit regional areas. — $] 29 Camera Security Kit 

Covers UHF Channels 21-69 (bands 4 and 5). High gain reception up to PRO-555 Security Camera’ An affordable DIY analog wireless (up to 50 metres transmission) 
70km. 12dB - 16dB gain, ideal for weak or difficult signal areas. Can Excellent night vision up to 15m. Features robust water resistant surveillance solution for your peace of mind with 2 cameras that are 
be vertically or horizontally mounted, Complete with antenna balun casing and connects easily to your TV and DVR. 16192 t Only available weather resistant. Features good image quality and night vision up to 
for easy installation. Pole is not included. 3088 from our larger full range stores or online. 8m (26 ft). L6193 


ae Advanced security made easy’ 
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Figure-8 Heavy Duty Power Cable DickSmith =“ 

Ideal for running 150W spotlights etc. on the car, sos C) $10 Digital TV Antenna 

or any high current DC application. Colour-coded Flexible Cable Zipper Tidy Designed for digital TV reception in good 
insulation to find polarity easier. Available in 100 Neat easy way to organise loose wires and cables Dick Smith UHF/VHF/FM Indoor Antenna reception areas. Desktop or wall mounting. 
metre rolls or by the metre. Indoor use only (this around the home or office. 2.5m long, includes zip Adjustable UHF dish with tuning knob that’s ideal Includes 12V power adaptor, power injector, 
product is not UV resistant). w2025 clip, 4 wall mounts and 12 labels, 14275 LIMITED STOCK for good reception areas. 14005 LIMITED STOCK built-in amplifier and mounting accessory. 4074 


Offers starts 26/07/10 and ends 31/08/10 or while stocks last. All offers are for retail store 
stock only, with strictly limited stock available. Some items may not be available for mail 
orders, stock movements between stores and back orders. No rainchecks. No layby. 


Enthusiast electronic items are not available in all stores. Offers may not be available in some 


reseller or franchise stores. Please contact your local store to determine availability. Talk to the Techxperts 








| Quad satfaiuk 


elec trostati speakers in 1957. Our photo shows two 
_ ESL63 second generation units from the early 1980s, together with a Quad CD player, FM tuner, 
: 2amplifier and 100W/channel stereo power amplifier. 


Thirty years ago, any hifi enthusiast worthy 
of the name would have hocked his soul 

for a Quad hifi system with electrostatic 
loudspeakers. But how does the Quad gear of 
that era stack up against modern hifi gear? 


UAD WAS A NAME revered by 
those who were into hifi sound 
during the 1950s, ’60s, ’70s and ’80s. 
Founded in the UK in 1936, they made 
a name for themselves building high- 
quality power amplifiers, speakers and 
other audio gear. They introduced the 
world’s first full-range electrostatic 
speakers in 1957. 
So when our very own Serviceman 
told us he had inherited a Quad elec- 
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trostatic system from a relative in the 
UK and asked if would we like to listen 
to it, we jumped at the opportunity. 
At the forefront of our minds was the 
question: how would the legendary 
Quad system compare to the best au- 
dio equipment available today? Did it 
deserve its reputation? 


Line-up and appearance 
The system consists of seven com- 





ponents: two Quad ESL63 electrostatic 
loudspeakers, one Quad “L-ite” sub- 
woofer, the amplifier/preamplifier/FM 
tuner group and a Quad 66 CD player 
(a relatively recent addition). 

The ESL63s are second-generation 
electrostatic speakers introduced in 
1981. Their appearance is consistent 
with that era — whether that is a good 
or bad thing depends heavily on taste. 
The subwoofer has a more modern, 
polished metal appearance with a LED 
display at the front. 

Theamplifier/preamplifier/FM tuner 
group is made of three distinct units 
stacked in a small wooden cabinet, 
which is painted dark grey to match 
them. Individually they are the Quad 
FM4 tuner, Quad 44 preamplifier and 
Quad 405-2 100W Stereo Current 
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Dumping Amplifier. Interestingly, the amplifier pre-dates 
the ESL63 speakers — it was released in 1975 and was 
regarded as a landmark unit at the time. 

Their front panels feature nicely machined metal 
switches, pushbuttons and knobs. Because all mains 
power passes through it, turning on the preamplifier also 
turns on the other components. It has five stereo inputs, 
a volume knob with 22 detents, a bass lift filter, a “tilt” 
filter (which cuts treble while it boosts bass and vice versa) 
and an adjustable low-pass filter. There is also a balance 
control and a stereo/mono switch. 

The FM tuner is rather simple, with seven station 
preset buttons and a manual “tune” button. Tuning is 
accomplished with a knob and the nearest frequency (to 
within 50kHz) is shown on a digital display. 

The power amplifier has no front panel as such, instead 
sporting a substantial black, finned heatsink across the 
full width. 

The Quad CD player is similarly spartan, with just a 
power switch, eject button and display. The other controls 
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Fig.1: the frequency response of the Quad 405-2 amplifier. 
The -3dB points are 15Hz and 35kHz, which is within its 
specifications but not as flat as many modern amplifiers. 


Quad 405-2 THD+N vs Power (8Q) 05/12/10 14:34:01 
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Fig.2: THD+N vs Power for the Quad 405-2 amplifier at 
1kHz/8Q, measured with a 20Hz-22kHz bandwidth. Its 
distortion at low powers is relatively high due to noise. 


are on the remote. Similarly, the subwoofer controls are 
handled entirely by the infrared remote. 


Electrostatic speakers 

Before we begin discussing the performance, it is worth 
explaining how these speakers work. 

Modern “dynamic” loudspeakers use a voice coil/cone 
assembly and a rear-mounted permanent magnet. If an 
audio signal is fed to the voice coil, it interacts with the 
magnetic field produced by the magnet and the cone moves 
back and forth as a result to generate the sound waves. 

By contrast, electrostatic loudspeakers use an electric 
field rather than a magnetic field. Each driver consists of 
ametallised plastic panel suspended between perforated 
sheet metal grids at the front and rear. This conductive 
sheet is charged up to a high voltage (in this case, 5.25kV). 
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Quad 405-2 THD+N vs Power (40) 
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Fig.3: THD+N vs Power for the Quad 405-2 amplifier at 
1kHz but with a 49 load. More power is available but 
noise and harmonic distortion levels are higher. 


It is generated from the mains voltage 
so each electrostatic speaker needs a 
mains power connection (via an IEC 
socket on the base stand). 

The audio signal from the amplifier 
is stepped up by a transformer which 
drives both grids. As a result, the very 
thin metallised sheet is moved by the 
electric field in a push-pull manner, 
generating the sound waves. 

To get good performance across 
the audio spectrum, it is necessary to 
break the panel up into multiple zones 
of different shapes and sizes which 


Quad ised THD+N vs — (40) 





Frequency (Hz) 


Fig.5: this graph shows THD+N vs frequency for the 
amplifier and preamplifier combination at 5W output 
into 4Q. The distortion is above 0.04% across much of 


the frequency range. 
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Power ones 


Fig.4: the same measurement as Fig.3 but with the Quad 
44 preamplifier in circuit. It adds a lot of noise, increases 
the distortion level and reduces channel tracking, since 


there is no way to disable the balance control. 


are electrically independent (aside 
from the common high-voltage bias). 
Smaller sections reproduce treble and 
larger sections bass. A crossover filter 
network distributes the audio signal 
appropriately. Each ESL63 has eight 
of these zones. 

One typical problem with elec- 
trostatic speakers is that, due to the 
transformer-coupled input, the DC 
resistance across the input terminals 
can be quite low which means that a 
special amplifier is required. However, 
the ESL63’s input has just under 40 DC 


05/12/10 15:10:30 
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Fig.6: this graph shows how the tuner’s signal-to-noise 
ratio is affected by RF signal strength. The ultimate signal- 





resistance so a standard 100W ampli- 
fier can be used (provided it is stable 
with transformer loads). 


Subjective impressions 

Before we hooked the gear up to our 
test equipment we thought we would 
have a listen. Since all the gear had 
been sent to the Quad factory in the 
UK for a check-up before being des- 
patched to Australia we expected 
that it would all be performing up to 
scratch. 

So how did it sound? Hmm, to be 


Quad FM4 Tuner Quieting Performance 
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to-noise ratio is -75dB for mono and -72dB for stereo. 
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honest we were not overly excited. It 
was OK. 

In more detail, our impression was 
that the treble was distinctly muted 
and certainly lacked the “sheen” of a 
system with a top-end ribbon or dome 
tweeter with ferrofluid cooling. Nor 
was the bass particularly notable, with 
the lowest octave from a piano, pipe 
organ, double-bass or harp just not 
there. The midrange was good; very 
smooth and without any tendency to 
emphasise voice or brass instruments. 
On the other hand, sibilants were 
muted, as were cymbals, snare drums 
and so on. The sound lacked zing. 

To paraphrase that old Duke Elling- 
ton classic, “It don’t mean a thing, if 
it ain’t got that zing”. 

Furthermore, stereo imaging is 
diffuse due to the large radiating 
surfaces. You cannot pinpoint voices 
or instruments across a “stereo stage” 
as you can with a stereo system with 
conventional tweeters which are ef- 
fectively point sources. 

Initially, we listened to the system 
without the subwoofer but noting that 
low bass was missing, we connected 
it up and listened again. It gave a big 
improvement to the bass response, 
although the subwoofer needs careful 
adjustment to avoid giving exaggerated 
bass. In fact, we have always felt this 
way about subwoofers, unless they are 
very carefully set up so that the upper 
bass and low bass levels are correct. 


Measurements 

Overall, we were disappointed with 
our first listening session. So what was 
letting the side down? Was it the much- 
vaunted ESL-63 electrostatics, the 
famous Quad 405 “current dumping” 
amplifier, the Quad 44 preamplifier 
or the Quad CD player? Or all of the 
above? 

It is difficult to measure the perform- 
ance of the speakers themselves since 
we don’t have a set-up with calibrated 
microphone and software but we made 
extensive measurements of the ampli- 
fier, preamplifier, tuner and CD player 
with our Audio Precision distortion 
analyser. 

This revealed that, compared with 
the best hifi equipment available to- 
day, the Quad gear is fairly average. 
Sorry Mr Quad but this is the truth. 

Let’s look at the Quad 405 first. It has 
a reasonably flat frequency response 
which is -1dB at 20Hz and 20kHz 
(see Fig.1). Furthermore, its THD+N 
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Unlike the Japanese gear of the era, Quad hifi equipment was disarmingly 
simple in appearance. This photo shows Quad’s 66 CD player (top), FM4 tuner, 
44 stereo preamplifier and 405-2 stereo power amplifier (bottom). 


(total harmonic distortion + noise) is 
around 0.01% for 8Q loads and 0.02% 
for 4Q loads (see Figs.2 & 3). Again, 
this is good but hardly world-beating. 
The relative flatness of the distortion 
curve indicates that the distortion is 
mostly harmonic, rather than the result 
of noise. 

It also has a below average damp- 
ing factor of 45 at 4Q and 88 at 8Q, 
although that isn’t low enough to 
cause any serious degradation of the 
frequency response. 

So why are we so cool on the Quad 
405? Take a look at Table 1. It compares 
THD+N measurements of the Quad 
405-2 to a progression of SILICON CHIP 
designs. As you can see, our Ultra-LD 
designs from the last 10 years or so are 
at least an order of magnitude better 
(ie, more than 10 times better). That’s 
a big difference. Oh, and that’s without 
considering our 20W Class-A design 
which is in a class of its own. 

When the Quad 44 preamplifier per- 
formance is coupled to the amplifier it 









Ultra-LD Mk.2 (August 2008) 
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adds significant distortion, as can be 
seen in Fig.4. In fact, there is so much 
noise from the preamp that the THD+N 
measurement at 50mW is doubled. It 
also adds a moderate amount of ad- 
ditional harmonic distortion, bringing 
the minimum level up to 0.015% for 
8Q loads. 

So even though the Quad 405 “cur- 
rent dumping” amplifier was a very 
significant design when it was first 
introduced in the late 1970s, it has 
been well and truly left behind. 


FM tuner 


By contrast, the Quad FM tuner 
performs well by modern standards. 
Its frequency response is +1dB from 
20Hz to 15kHz in both mono and 
stereo. THD+N is 0.09% for mono 
signals and 0.15% for stereo at 1kHz. 
Fig.6 shows the quieting curves along 
with the signal strength indicator bar 
reading (which is a 10 dot dual bar- 
graph). Ultimate signal-to-noise ratio 
is above 70dB for mono and stereo 
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0.02% 
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0.01% 
0.004% 
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Quad’s ESL63 electrostatic loudspeakers. Each driver consistslof{aymetallised 





plastic panel suspended between perforated sheet metal grids at the'front/and 
rear. The plastic panel is charged to 5.25kV and the audio signal is stepped up 


by a transformer and applied to the grids. 


signals which is quite good. 

Interestingly, while the FM tuner 
does have a digital frequency readout, 
it is not a synthesised design and it is 
tuned in the old-fashioned way by a 
tuning gang and knob, rather than in 
precise 50kHz steps denominated by a 
microprocessor. It is also quite difficult 
to tune precisely on station, necessary 
to get the best performance. That is 
one reason why frequency-synthesised 
designs took over. 


CD player 
The Quad 66 CD player is a reason- 
able performer by modern standards, 









Measurement 
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although it has a surprisingly sharp 
rise in distortion above 12kHz. Com- 
pared to a 15-year old run-of-the-mill 
Sony CDP-XE300, the Quad 66 has 
lower distortion between 5kHz and 
12kHz but somewhat higher distortion 
outside this range (see Table 3). It has a 
digital output so it could be connected 
to an external DAC (such as the SILICON 
Cute DAC, September-November 2009) 
for lower distortion. 

Its signal-to-noise ratio is good at 
-107dB and channel separation is 
excellent at -106dB at 10kHz. Overall 
linearity is also very good, with its 
output at -91.9dB for a -90dB signal. 
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Table 3: Quad 66 CD Player vs Somy CDP-XES0O 
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THD+N, 10kHz (20Hz-80kHz) 
THD+N, 15kHz (20Hz-80kHz) 





Quad 66 CD Player Sony CDP-XE300 
0.00487% 0.00281% 
0.00564% 0.01838% 
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0.02720% 
0.18525% 


0.02222% 
0.01767% 

















Frequency response is flat at -0.01dB 
and +0.05dB over 20Hz-20kHz; also 
pretty good. 


Test reactions 


Our overall reaction to the above 
tests was that clearly, while the in- 
dividual Quad components were 
decent performers at the time they 
were released, they have been well 
and truly left behind as technology 
has progressed. 

The electrostatic speakers have a 
certain charm with a smooth midrange 
but they struggle at the extremes of the 
audible range. Neither the Quad 405- 
2 amplifier nor Quad 44 preamplifier 
have particularly low distortion or 
noise. A modern, good quality ampli- 
fier/preamplifier combination will 
outperform them. 

The FM tuner is fine but superior 
units are available from companies 
like Yamaha and Denon. The Quad 
CD player is merely average compared 
to most brand-name players released 
in the last 15 years and also the better 
quality DVD or BluRay players. 

Finally, we decided to listen to the 
Quad ESL-63s when driven by an 
Ultra-LD Stereo Amplifier (SILICON 
Cuip, November 2001-January 2002) 
and the abovementioned Sony CD 
player, together with the Quad sub- 
woofer. Talk about chalk and cheese! 
This combination gave extended treble 
and much more extended bass and 
was much more satisfying overall, on 
a wide variety of music. In fact, while 
you might want to keep the ESL-63s, 
you would not now bother with the 
rest of the original system. 

No, that’s not right — you would not 
bother with the electrostatics either. 
You would opt for a decent pair of 
dynamic loudspeakers — even Quad 
make those now! 


Conclusion 

All this is not to say that the (previ- 
ously) revered Quad system sounds 
bad. It’s still quite pleasant to listen 
to. We somehow needed to convey this 
reaction to our Serviceman. Remember 
that he paid a motsa to have the whole 
system checked over by Quad in the 
UK and then had it shipped out to 
Australia. Should we sugar-coat our 
reactions? 

In the end, we gave it to him straight, 
“Mate, it’s pretty ordinary”. 

He took it reasonably well, consid- 
ering. sc 
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iaterable DC motor 


speed controller 


Here’s a 12-32V 30A speed controller that’s easy to build. It’s 
available in two versions — reversible and non-reversible — and 
features soft start, relay switching of motor direction and PWM 


speed control. 


HIS REVERSIBLE DC Motor Speed 

Controller uses a pair of high- 
power Mosfets connected in parallel 
to drive the motor and a unique relay 
changeover circuit to make it revers- 
ible. It can operate from 12-32V batter- 
ies at currents up to 30A. Logic control 
of the relay changeover circuit means 
that it can only change direction when 
the motor is stopped. 

The unit comes in two kit versions. 
The first is the basic speed control 
with two paralleled Mosfets and a 
dual op amp to provide pulse width 
modulation (PWM). The second ver- 
sion adds the relay changeover circuit 
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and its logic control. If you don’t need 
a reversing feature, you only need buy 
the basic kit. 

Either way, the speed control can be 
via an onboard trimpot, via an external 
5kQ potentiometer, or via a motorcycle 
throttle based on a Hall Effect sensor. 
This could be ideal for a wheelchair 
controller or an electric bike. 


Circuit description 

Refer now to Fig.3 which shows 
both sections of the circuit. The left- 
hand side is the basic speed controller 
while on the righthand side are the 
relays and associated logic control. 


| Words by Leo Simpson 
Boo: by Branko Justic* 


*Oatley Electronics 


First, let’s focus on IC1 (the LM358 
dual op amp) and the 5kQ potentiome- 
ter. Op amp [C1a and its associated 
components comprise a triangle wave 
oscillator. Its frequency is around 
300Hz and its output amplitude is 
around 1V peak-to-peak. The mean 
DC level of this triangle waveform can 
be lifted up or down, dependent on 
the setting of the 5kQ speed control 
potentiometer. 

This output waveform is connected 
to the non-inverting input of IC1b, pin 
5. IC1b is connected as a comparator 
and it compares the triangle waveform 
with the 3.5V fixed reference at its pin 
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Fig.1: the scope grab illustrates the basic operation. The 
triangle wave from the oscillator is compared to a 3.5V 
reference (pink trace) and when it exceeds this reference, a 
corresponding motor drive pulse (blue trace) is produced. 
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Fig.2: this scope screen grab shows the operation at higher 
throttle settings. The triangle waveform now exceeds the 
reference voltage for a greater proportion of the time and 
so the pulses fed to the motor are much wider. 





6. When the speed control is advanced 
so that peaks of the triangular wave- 
form at pin 5 exceed the 3.5V reference 
voltage at pin 6, the output at pin 7 
goes high and this turns on two power 
Mosfets, Q6 & Q7. 

This means that the Mosfets are 
pulsed on whenever the triangle wave- 
form peaks go above 3.5V. Advancing 
the speed control increases the duty 
cycle of the pulses. 

The circuit operation is demon- 
strated above in the two scope screen 
grabs of Fig.1 & Fig.2. In each case, 
the green trace shows the triangle 
waveform while the pink trace shows 
the 3.5V reference which is fixed. As 
you can see, each time a portion of the 
triangle waveform intersects the pink 
trace and is above it, there is a cor- 
responding pulse to the Mosfet gates, 
as shown by the blue trace. 

The voltage across the motor, be- 
tween the positive supply line and 


Are all oscilloscopes 
created equal? 


"Cleverscope is still the best out there, 
Karl, USA 


keep up the good work !!!!!" 
Signal: 


ADC. 





www.cleverscope.com 
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the Mosfet drains, is shown in the 
yellow trace. 

Fig.1 shows the operation at a very 
low throttle setting and so the pulses 
fed to the motor are very narrow and 
its speed will be low. By contrast, 
Fig.2 shows the operation at higher 
throttle settings. As can be seen, the 
corresponding pulses fed to the motor 
are much wider. 

When the throttle control is fully 
advanced, this results in the triangle 
waveform being wholly above 3.5V. 
This means that pin 7 of IC1 remains 
high permanently and so Mosfets Q6 
& Q7 are turned on continuously. 


Soft start 


When power is first applied to the 
controller circuit, the 100uF capacitor 
on pin 6 of IC1b is discharged which 
means that pin 6 will be high at about 
+7V. The capacitor then begins to 
charge via the 39kQ resistors on pin 





: Tracer-Chan AlM1:Chan A |M2:Chan A | Freq: 0.016 MHz 
Amplitude:/1218.1 mV |4308.0mV |1326.9mV_ |dv: 17.91 mv 
Time: T2748 -2030.0ns /61530.0ns jdt 63560.0ns 


a of Bt CH 


Divisions - A: 50.00 m¥ 8: 100.0 mV Time: 250.0ns Frame: 2 Trigger tme: 01 Ap 


Video color burst, 
as presented to an 


Task: check DC 
levels, noise, and 
spectral leakage. 


Ours: We have proper DC offset and 10, 12 or 
14 bit resolution. We digitize over the range 1.2 
to 1.5V. With the 10 bit ADC the resolution is 

0.3/1000 = 300 uV - with 14 bit ADC it’s 18uV! 


You see all the detail. The spectral response has 
good SNR. 





6, thus pulling the voltage at pin 6 
down to 3.5V. Therefore, at the instant 
when the power is applied the motor 
cannot run, even if the throttle is fully 
advanced. 

This gives the circuit a “soft start” 
feature and the motor cannot start with 
a lurch at initial power-up. 


Two regulators 
There are two transistor regulator 


WING nem OMB uiymrdiitss) 


Kits for this project are available 
from Oatley Electronics Pty Ltd, 
PO Box 89, Oatley, NSW 2223. 
Phone (02) 9584 3563. Website: 
oatleyelectronics.com 

The reversible version (Cat. 
K275) costs $39 plus p&p, while 
the basic non-reversible version is 
$24 plus p&p. 













[Trracer:Chan A/M4:Chan A [M2:Chan A | Freq: inf MHz 
JAeeplitude:/4216.4mV |12184mV [12184mV  |aV: 0.000 mv 
Time: [692.3ne  |8923ns [892.308 [dt 0.000ns 
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Divisions - A: 50.00 mW 8: 5,000¥ Time: 250.0ns Frame: 2 — Trigger time: 01 Apr 1 


1.500 
1.450 
1,400 


500.0 1000.0 1250.0 


Theirs: They don't have DC offset, and only 8 
bits. They have to digitize over -2V to +2V to 
capture this signal. The resolution is 

4000/256 = 16 mV - 52x worse than ours. 


You don't see all the detail, and the spectral 
response has poor SNR. 


AUGUST 2010 27 












HALL 
EFFECT 
THROTTLE 


+4V TO +5V 
ee 
220k 


(ALTERNATIVE 
TO HALL 
EFFECT 
THROTTLE) 











circuits in the controller. The first 
regulator, comprising transistors Q2 
& Q3 and red LED1, provides the +7V 
rail. It works like this: LED1 provides a 
1.8V reference at the base of Q3 and the 
resulting 1.1V at Q3’s emitter causes 
2.34mA to flow in its 470Q emitter 
resistor and through the 3.3kQ resistor 
at its collector. This provides +7.7V at 
Q4’s base and so +7V appears at Q4’s 
emitter. This sets the voltage condi- 
tions for the throttle and the triangle 
wave generator based on IC 1a. 

The second regulator is based on 
zener diode ZD1 and transistor Q5. 
ZD1 provides a 15V reference and is 
bypassed by a 47nF capacitor to the 
base of Q5 which operates as an emit- 
ter follower. Interestingly, for battery 
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* USE EITHER TRIMPOT VR1 OR EXTERNAL 5k POT OR HALL EFFECT THROTTLE 


S& DC MOTOR SPEED CONTROL 


Fig.3: the circuit uses op amp IC1a to generate a 300Hz triangle wave. This is DC level shifted using the throttle and fed 
to comparator IC1b which then generates the PWM square-wave pulses to drive Mosfets Q6 & Q7 and the motor. Relays 
RLY1, RLY1a, RLY2 & RLY2a and their associated control circuit (IC2a-IC2d) provide the reversing feature. 


Q2 BDX37 
























Dé: 1N4004 
‘ | 
A K 
D1, D3-D5, D7: 1N4148 ZD1 
= | 
A K A K 


voltages of less than about 16V, ZD1 
will not be biased on (ie, no zener cur- 
rent will flow) and therefore Q5 will 
act as a simple capacitance multiplier 
filter. It provides the supply rail to IC1 
and thereby ensures that the gates of 
the Mosfets are driven with more than 
10V, provided the battery voltage is at 
least 12V. This is desirable to ensure 
that the Mosfets are turned on fully to 
minimise their voltage loss and power 
dissipation. 

For higher battery voltages, up to 
32V, ZD1 and Q5 ensure that the gate 
voltage delivered by IC1b is limited 
to about 13V. 

Note that the circuit shows three 
alternative throttle arrangements. The 
first is via trimpot VR1 which can be 


installed on the PC board. The second 
is for an external 5kQ speed control 
and the third is a twist grip Hall Effect 
throttle. Only one of these options can 
be used at any one time. 

Trimpot VR2 is a zero control. This 
is adjusted so that no voltage is applied 
to the motor at the minimum setting 
of the speed control. 


Relay switching 

Having a speed control on a motor 
is all very well but in many applica- 
tions you need to run the motor in 
forward or reverse. In order to do this 
on a DC motor, you need to swap the 
connections to the motor. In small 
motor circuits that could be done by 
a double-pole changeover switch but 
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T 12V-32V 
! 
ie. BATTERY 
HOLD DOWN 
FOR REVERSE 


$1 





GREEN UNKS 
FOR 12V 
OPERATION 


~t--", RED LINK 


* NOTE: CORRECT FOR D2: SR1060°_ 


USED IN THIS KIT, BUT 


THE SR1060 DIODES sS > 


NOT THE STANDARD x 
SR1060 PINOUTS 


when heavy currents are involved, 
relays are required. 

In the simplest arrangement, this 
can be done with a single large double- 
pole double-throw (DPDT) relay or it 
could be done with two single-pole 
double-throw (SPDT) relays being 
switched simultaneously. This circuit 
is a little novel in that uses four SPDT 
relays with the relays used as paral- 
leled pairs to substantially increase 
the switch contact rating. 

But there is a further refinement in 
that the heavy motor currents are never 
actually broken by the relay contacts. 
Instead, the relays are only operated 
when the voltage across the load is 
zero and therefore no current is flow- 
ing. This means that there will not be 
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x 


any contact arcing and accompanying 
contact erosion. 


Relay logic controller 

The relay logic controller is based 
ona 4093 quad 2-input Schmitt trigger 
NAND gate package. Gates IC2c & IC2d 
are connected as an RS flipflop which 
can be set or reset by having one of its 
inputs at pins 8 & 13 pulled low. Pin 10 
controls the relay switching transistor 
Q4, so when this output is high, the 
relays are on and this provides the 
reverse direction for the motor. 

Pins 1 & 2 of IC2a are normally 
pulled high by the series-connected 
1MQ and 39kQ resistors but when 
pushbutton switch S1 is pressed, the 
inputs are pulled low. When the motor 


100pF 


I 63V 


NOTE: REPLACE RELAY LINK 
WITH 82Q 2W RESISTOR 
FOR 32V OPERATION 


BD140, BD681 


BDX37 SD 





is running, the drains of the Mosfets 
(Q6 & Q7) are being pulsed low and 
this repeatedly pulls the negative side 
of the 100uF capacitor connected to 
pins 5 & 6 of IC2b low, via diode D3. 
Hence the output of IC2b is high and 
this pulls pins 8 & 13 high via diodes 
D5 & D4 respectively, so the RS flipflop 
cannot be toggled. Therefore motor 
direction cannot be changed while 
ever it is running. 

When the Mosfets are off, the motor 
stops running and pins 5 & 6 of IC2b 
are pulled high via the associated 47kQ 
resistor, the 100uF capacitor being dis- 
charged. The motor direction cannot 
be changed during this discharge time 
which is around four seconds. This 
feature prevents sudden changes in the 
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USE ONE OR 
THE OTHER 


a 
\4 


ase 


69 


RED WIRE 


HALL EFFECT THROTTLE 


* DELETE TRIMPOT VR1 IF EXTERNAL THROTTLE USED 

** REPLACE WITH WIRE LINK FOR 12V OPERATION 

*** REPLACE RELAY LINK WITH 82Q 2W RESISTOR FOR 32V OPERATION 
Fig.4: follow this parts layout diagram to build both versions of the controller (the non-reversible version uses only 
those parts to the left of the red dotted line). Note that some of the parts and linking options vary, depending on on 
whether the controller is to be powered from 12V, 24V or 32V. 


motor direction and this 4s period of 
time can be lengthened or shortened by 
respectively increasing or decreasing 
the value of the 47kQ resistor. 

Now, when the motor voltage (and 
current) is zero, the RS flipflop can be 
toggled. So to change from forward 
to reverse direction, you press push- 
button switch S1. This not only pulls 
IC2a’s inputs low but also pulls pin 8 
of IC2c low and this sets the flipflop 
so that it turns on transistor Q4 and 
energises the two relay coils. 

Note that as soon as you release 
pushbutton switch S1, it will imme- 
diately allow pins 1 & 2 of IC2a to go 
high again and this will cause pin 3 
to go low. This will then reset the RS 
flipflop, thereby turning off transistor 
Q4 and lighting LED2, which indicates 
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Table 1: Linking Options 


Supply Rail Relay Configuration Relay Link Resistor R1 
paw tina | 


24V 
Link C&D 820 2W Resistor 


forward direction. Hence, for reverse 
operation, you need to keep the push- 
button pressed. 

This makes sense if you are mak- 
ing this speed control for an electric 
bicycle and you only want reverse 
engaged for very limited time. How- 
ever, ifthe speed control needs to be in 
reverse mode for much longer periods, 
the pushbutton switch is not practi- 
cal and you will need to substitute a 
standard SPST toggle switch. 


Building it 

Both versions of the DC Motor 
Speed Control are available as kits 
from Oatley Electronics (see parts 
list). The reversible version is built 
on a double-sided PC board coded 
K275 (138 x 70mm), while the non- 





Wire Link 


Wire Link 


Wire Link 
4.7kQ 














+ | TO BATTERY 
_ | (12v-32V) 


UNK B & C AND UNK D & E FOR 12V OPERATION 
UNK C & D FOR 24V OR 32V OPERATION 





reversible version (without the relays) 
uses a double-sided PC board coded 
K275A (60 x 70mm). 

Note that the parts layout on the 
latter is identical to the corresponding 
section on the fully-reversible version. 

Fig.4 shows the assembly details. 
If you are building the non-reversible 
version, just follow the layout to the 
left of the red dotted line. Conversely, 
for the reversible version, you will 
need to assemble the entire board. 

Begin by installing the resistors and 
diodes. Table 2 shows the resistor col- 
our codes but check each resistor using 
a DMM before installing it. Note that 
resistor R1 (4.7kQ, near LED1) should 
be replaced with a wire link for 12V 
operation. 

Conversely, you will need to install 
the resistor is you intend operating the 
controller from 24V or 32V. 

Be sure to install the correct diode 
type at each location and check that 
they are all correctly orientated. Diode 
D2 (SR1060) goes in with its metal tab 
adjacent to the edge of the PC board. 

Once these parts are in, install the 
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This view shows the reversible version. Note that you ™ 
must fit M3 x 10mm screws to the BAT+, M-, GND and MOTOR . 
positions to carry the high currents. It’s also a good idea to run a layer of 





solder over the high-current copper lands for currents above 15A - see text. 


capacitors and IC sockets. Check that 
the electrolytics are all correctly orien- 
tated and make sure that the sockets go 
in with their notched ends positioned 
as shown. 

Now for the transistors. These 
should all be pushed down onto the PC 
board as far as they will comfortably 
go before soldering their leads. Use the 
correct type at each location and take 
care with their orientation — the metal 
faces of Q2 & Q3 face the 100uF capaci- 
tor and LED1 respectively, while Q5’s 
metal side faces the adjacent 4.7kQ 
resistor. Q4 goes in with its metal face 
towards the edge of the PC board. 

The two power Mosfets (Q6 & Q7) 
should now be loosely attached to 
their U-shaped heatsinks using M3 x 
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10mm machine screws, washers and 
nuts. That done, install each assembly 
in position and push it down until 
the bottom edge of its heatsink rests 
against the PC board. The heatsink 
tabs should go through the holes in the 
board and these should be bent using 
pliers to hold the assemblies in posi- 
tion while you solder the device leads. 
Bending the heatsink tabs will also 
make the assemblies more secure, 
particularly if the board will later be 
subject to vibration. Once everything is 
in place, tighten the screws that secure 
the Mosfet tabs to the heatsinks. 
Trimpot VR2 (2kQ) can be installed 
and the board has been designed to 
accept either a horizontal or vertical 
trimpot. The same goes for trimpot 





VR1 (5kQ) but you must leave this 
part out if you are using an external 
throttle to control motor speed. VR1 
is installed only if you are using the 
controller to set a fixed motor speed 
(ie, no external throttle). 

The two ICs can now be plugged 
into their sockets (note: they face in 
opposite directions) and the relays 
installed. These relays will only fit 
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Value uF Value IEC Code EIA Code 
100nF 0.1uF 100n 104 
47nF  .047uF 47n 473 
4.7nF .0047nF 4n7 472 






Tabler2qResistomeolourmcGodes) 


4-Band Code (1%) 

brown black green brown 
red red yellow brown 
yellow violet orange brown 
orange white orange brown 
brown black orange brown 
yellow violet red brown 
orange orange red brown 
red violet red brown 

red red red brown 

brown black red brown 
yellow violet brown brown 
red red black brown 





5-Band Code (1%) 

brown black black yellow brown 
red red black orange brown 
yellow violet black red brown 
orange white black red brown 
brown black black red brown 
yellow violet black brown brown 
orange orange black brown brown 
red violet black brown brown 
red red black brown brown 
brown black black brown brown 
yellow violet black black brown 
red red black gold brown 
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The basic non-reversible version is shown here, together with 
the optional handle-bar type (Hall effect) throttle. Be sure to 
omit trimpot VR1 from the board if you intend using an external 


throttle - see text. 


Parts Lists Kit K276A 


1 PC board, code K275A, 60 x 
70mm 

2 PC-mount 2-way screw 
terminal blocks 

1 5kQ trimpot (VR1) 

1 2kQ trimpot (VR2) 

1 8-pin DIP IC socket 

5 M3 x 10mm machine screws 

5 M3 nuts 

5 M83 washers 

2 heatsinks 

Tinned copper wire for links 























Semiconductors 

1 LM358 dual op amp (IC 1) 

1 C8050 NPN transistor (Q1) 

2 BDX37 NPN transistor (Q2,Q5) 

1 BD140 NPN transistor (Q3) 

2 IRF2804 Mosfets (Q6,Q7) 

1 15V zener diode (ZD1) 

2 1N4148 small-signal diodes 
(D1,D7) 

1 SR1060 Schottky diode (D2) 

1 red 8mm LED (LED1) 


Capacitors 

1 100uF 63V electrolytic 
2 100uF 16V electrolytic 
1 100nF monolithic 

2 47nF monolithic 

1 4.7nF greencap 


Resistors (0.25W, 5%) 
























3 1MQ 1 3.3kQ 
1 220kQ 1 2.2kQ 
2 39kQ 2 1kQ 

1 10kQ 1 470Q 






2 220 
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one way and you should use generous 
amounts of solder on their contact 
pins since they can carry quite high 
currents. 


Forward/reverse switch 

Pushbutton switch S1 is the For- 
ward/Reverse switch. This should 
only be installed on the board if you 
want a switch that you hold down for 
reverse operation (ie, if you only want 
reverse for a short time). 

However, as stated above, you will 
need to substitute a standard SPST 
toggle switch if you want reverse for 
extended periods of time. In that case, 
just connect the switch contacts to the 
appropriate pads on the PC board us- 
ing flying leads. 


Linking options 

There are several linking options 
and component changes, depending 
on whether you are operating the con- 
troller from 12V, 24V or 32V. Table 1 
shows the details. 

First, on the reversible version, you 
will need install the “Relay Link” at 
the top of the board (above the relays). 
This is simply a wire link for operation 
up to 24V but this must be replaced 
with an 82Q 2W resistor (not supplied 
with the kit) for 32V operation. 

Similarly, you also need to link the 
relay coils for either parallel or series 


operation, depending on the supply 
voltage. For 12V operation, use sepa- 
rate wire links to connect points B & 
C together and points D & E together. 
Alternatively, for 24V or 32V opera- 
tion, connect points C & D together 
(don’t forget to replace the Relay Link 
with an 82Q 2W resistor for 32V opera- 
tion — see above). 

Note that the two links installed for 
12V operation overlap each other. Be 
sure to position them so that they can- 
not short together (or sleeve them with 
heatshrink, or use insulated wire). 

The final option concerns one of 
the 4.7kQ resistors (R1) in series with 
LED1. As stated previously, this must 
be replaced with a wire link for 12V 
operation. 


High-current connections 

All connections to the motor and 
battery must be run via crimped eyelet 
connectors which are attached to the 
PC board using M3 x 10mm machine 
screws, washers and nuts. In addition, 
if building the reversible version, you 
must also fit an M3 x 10mm screw, 
washer and nut to the MOT- hole posi- 
tion, immediately to the left of relay 
RLY1A (see Fig.4). 

That last step is important because 
the screw through the MOT- hole 
helps carry the heavy currents that 
flow through the motor and power 
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Mosfets Q6 & Q7. The same goes for 
the machine screws that are used to 
terminate the eyelets for the battery 
and motor connections. 

In short, you must have machine 
screws running through the BAT+, 
BAT-, MOT- and TO MOTOR holes 
to carry the heavy currents involved. 
Don’t just rely on the through-hole 
plating of the board — it could “fuse” 
under high-current conditions. 

If you are building the smaller non- 
reversible version, use the alternative 
BAT-, MOT- & BAT+ connections 
shown on Fig.4. The motor is con- 
nected between MOT- and BAT+. As 
before, all connections must be made 
via crimped eyelet connectors which 
are attached using M3 x 10mm screws, 
washers and nuts. 

Make sure that the leads are ad- 
equately rated to carry the currents 
involved. Generally, this will involve 
using heavy-duty cabling rated at 15A 
or greater if required. 

Finally, for currents above about 
15A, run a thick layer of solder over all 
the high-current copper lands on the 
PC board. This must be done on both 
sides of the board and involves the 
lands running to the power Mosfets, 
the motor and battery connections and 
the relay contacts. 


Testing 

When the assembly is complete, 
check your work very carefully. Any 
mistakes in component placement or 
polarity could result in damage when 
the power supply is connected. Sup- 
ply polarity is also crucial — getting it 
wrong can seriously damage the unit. 





alge Splersitem Mitek (yom (REVensilbleRVelsion)) 


1 PC board, code K275, 138 x 
70mm 

1 PC-mount tactile switch (S1) 

2 PC-mount 2-way screw 
terminal blocks 

1 5kQ trimpot (VR1) 

1 2kQ trimpot (VR2) 

1 8-pin DIP IC socket 

1 14-pin DIP IC socket 

4 12V 30A relays 

7 M3 x 10mm machine screws 

7 M3 nuts 

7 M3 washers 

2 heatsinks 

Tinned copper wire for links 


Semiconductors 

1 LM358 dual op amp (IC 1) 

1 4093 quad 2-input NAND gate 
(IC2) 

2 red 3mm LEDs (LED1, LED3) 

1 green 3mm LED (LED2) 

1 C8050 NPN transistor (Q1) 

2 BDX37 NPN transistor (Q2,Q5) 


If everything checks OK, connect 
a 12V battery (or other high-current 
DC power supply) but do not connect 
the motor yet. Now check that +7V 
is present on the emitter of transis- 
tor Q1. If it is, set the throttle (either 
an external pot or VR1) to minimum 
and monitor the voltage at pin 7 of 
IC1. This voltage should vary as you 
vary the throttle and if you have an 
oscilloscope, you can check that the 
PWM duty cycle varies as shown on 
the scope screen shots of Fig.1 & Fig.2. 


Single Sided Presensitized PCBs 
*Double Sided Presensitized PCBs 


¢Fibreglass & Phenolic 
¢UV Light Boxes 
*DP50 Developer 


*PCB Etch Tanks, Heaters & Aerator Pumps 


¢e Thermometers 


Ammonium Persulphate Etchant 
¢PCB Drill Bits (HSS & Tungsten) 


Be UL UTRONIGS 


36 Years Quality Service 
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1 BD140 NPN transistor (Q3) 

1 BD681 NPN Darlington 
transistor (Q4) 

2 IRF2804 Mosfets (Q6,Q7) 

1 15V zener diode (ZD1) 

5 1N4148 small signal diodes 
(D1,D3-D5,D7) 

1 SR1060 Schottky diode (D2) 

1 1N4004 1A diode (D6) 


Capacitors 

2 100uF 63V electrolytic 
4 100uF 16V electrolytic 
1 100nF monolithic 

4 47nF monolithic 

1 4.7nF greencap 


Resistors (0.25W, 5%) 
5 1MQ 1 3.3kQ 
1 220kQ 3 2.7kQ 
1 47kQ 1 2.2kQ 
4 39kQ 2 1kQ 
1 10kQ 1 4700 
3 4.7kQ 2 220 





Next, set the throttle to minimum, 
connect a motor and connect your 
DMM (set to volts) across the motor’s 
terminals. Adjust trimpot VR2 for 
a reading of OV — this will zero the 
controller’s output when the throttle 
is at minimum. Alternatively, you can 
set it to give a minimum motor speed. 

Now try adjusting the throttle. The 
motor should start and respond to 
throttle adjustments and the DMM 
should indicate corresponding voltage 
variations. Se 


For full range, pricing and to buy now online, visit 
www.wiltronics.com.au 
Ph: (03) 5334 2513 Email: sales@wiltronics.com.au 
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This remote-controlled digital timer has a bright 20mm-high 
7-segment red LED display & can count up or down from one 
second to 100 hours in 1-second steps. Its timing period can 
either be set and controlled using the remote control or it can 
be automatically controlled via external trigger/reset inputs. An 
internal relay and buzzer activate when the unit times out. 


HIS NEW DIGITAL TIMER is a 

very flexible project. We can think 
of many uses for it but we are sure 
there are a lot more that we haven’t 
even considered. 

We've done lots of timers before 
but this one has the convenience of 
remote control. Its timing period can 
be programmed using the numerical 
keypad button on the remote, while 
the remote’s Power/Standby button 
provides a Reset function. 
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The simplest way to use it is like 
a kitchen timer. In this mode, it can 
count up or down for the timing pe- 
riod, as entered via the keypad on the 
remote. Pressing the remote’s Channel 
Up button make the unit count up to 
the programmed time, while pressing 
the Channel Down button makes it 
count down. 

When the time runs out, the LED 
display flashes and a buzzer sounds 
for a preset period (the default is one 


minute) or until the reset button is 
pressed. You can either use the Power/ 
Standby button on the remote to reset 
the unit or an external reset button. 
The internal relay also switches at 
the end of the timing interval. This 
relay can directly control a DC device 
(30V DC or 24V AC max.) or it can 
indirectly control a mains-powered 
device via a separate external mains- 
rated relay (see panel). Note, however, 
that this unit is definitely NOT RATED 
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to directly switch mains devices. 

By default, the relay is energised 
while the timer is running. As such, 
the timer could be used to run an oven 
for the programmed timing period, 
expose a PC board to UV light, or run 
a fan or light for a fixed period, etc. 

The trigger and reset inputs can be 
used to automatically start and stop the 
timer when certain events occur, eg, 
when a door opens, an external button 
is pressed or a PIR (passive infrared) 
sensor is triggered by motion, etc. 
This means that you could set it up to 
turn on a light or fan when a door is 
opened and then subsequently switch 
the device off when the door is shut or 
after the programmed period expires. 

It could even be used as the basis of 
a very simple alarm system. All you 
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have to do is connect a PIR sensor to 
the trigger input, a key-switch to the 
reset input and a siren to the relay. You 
then set the timer to a short period (say 
30 seconds) and the alarm period to 
a value that’s longer than the default 
(say three minutes) and voila! ... you 
have a basic motion-triggered alarm 
with key deactivation. 

By the way, the unit will work with 
virtually any universal remote control 
that’s capable of transmitting Philips 
RC5 codes (nearly all do). So if you 
have a spare universal remote control, 
it will do the job quite nicely. 


Circuit description 


Take a look now at Fig.1 for the full 
circuit details. It’s based on microcon- 
troller IC1 plus three dual 7-segment 
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Fig.1: the circuit is based on an Atmel ATTiny2313 microcontroller (IC1), three dual 7-segment LED readouts and an 
infrared receiver (IRD1). The micro drives the LEDs, controls the timing and drives a DPDT relay via transistor Q2. 


LED readouts. However, instead of 
using a PIC micro as in most other 
projects, this time we’ve opted for an 
Atmel ATTiny2313 with 2048 bytes of 
flash memory. 

The micro normally runs at 8MHz, 
as set by an internal 8MHz oscillator 
and crystal X1. This clock frequency is 
reduced to 1MHz (via a clock divider) 
when the micro is in standby mode. 

Note that although the micro actu- 
ally has an internal 8MHz oscillator, 
the crystal is necessary for accurate 
timekeeping. Typical crystal error is 
less than 100ppm or 0.01%, giving a 
maximum timing error is one second 
per three hours although it will nor- 
mally be well under half that. 

The unusual part of this circuit is 
the way in which the six 7-segment 
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1 PC board, code 19108101, 
89 x 80mm 

1 sealed polycarbonate enclosure, 
115 x 90 x 55mm with clear lid 
(Jaycar HB-6246) 

1 universal remote control with 
numeric keypad (eg, Jaycar 
AR-1726, Altronics A-1012) 

1 9-12V DC 300mA plugpack 
(Jaycar MP-3147, Altronics 
M-8928 or similar) 

1 6-way chassis-mount terminal 
barrier (Jaycar HM-3168, 
Altronics P-2076A) 

1 5V DPDT DIL relay (Futurlec 
HFD2-05, Altronics S-4147 or 
equivalent) (RLY 1) 

1 PC-mount 5V mini piezoelectric 
buzzer (Jaycar AB-3459, 
Altronics S-6105) 

1 8MHz HC-49 crystal resonator 
(X1) 

1 20-pin DIL IC socket 

3 mini 3-way terminal blocks 
(5.08mm pitch) (CON1-CON3 

1 2-way polarised header 
(2.54mm pitch) (CON4) 

1 2-way polarised header 
connector (2.54mm pitch) 

1 2.1mm ID panel-mount DC 
socket (Jaycar PS-0522, 
Altronics P-0622) 

4 M83 x 15mm tapped Nylon 
spacers 

6 M3 x 20mm pan head machine 
screws 

2 M3 nuts 


LED digits (DISP1-3) are driven. Just 
10 of IC1’s 20 pins are used to drive the 
48 segments (seven per digit plus the 
six decimal points). What’s more, we 
have not used any discrete transistors 
or current limiting resistors in the LED 
drive circuit. This makes the project 
smaller, cheaper and easier to build but 
how do we get away with it? 

First, we are using a “charlieplex- 
ing” system (popularised by Charlie 
Allen at Maxim) which cuts down on 
the number of pins required to drive 
the LEDs. This is a special form of 
multiplexing and to understand how 
it works, first consider display DISP1. 
This contains two of the digits and has 
10 pins — two common anodes and 
eight shared cathodes. 

If we wire up just this display, then 
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2 MS flat washers 

2 M8 spring washers 
Medium-duty hook-up wire: 50mm 
lengths of black and red, 130mm 
lengths of brown, orange, yellow, 
green, blue and white 


Semiconductors 

1 ATTiny2313 microcontroller 
(IC1) programmed with 
1910810A.hex 

1 7805T 5V regulator (REG1) 

1 infrared receiver (IRD1) 

1 BC556 PNP transistor (Q1) 

1 BC546 NPN transistor (Q2) 

2 7RD/NFD-8021BS 20mm 
dual high-brightness common 
anode 7-segment LED displays 
(DISP1-2) (available from 
Futurlec) 

1 7RD/NFD-5621BS 14mm dual 
high-brightness common 
anode 7-segment LED display 
(DISP3) (available from 
Futurlec) 

1 green 5mm LED (LED1) 

2 1N4004 diodes (D1-D2) 

4 1N4148 diodes (D3-D6) 


Capacitors 

1 100uF 16V electrolytic 
1 47uF 25V electrolytic 
4 100nF MKT 

2 33pF ceramic 


Resistors 


4 10kQ 1 470Q 





turning on any single segment is easy. 
We start by pulling one of the common 
anodes pins high — pin 1 for the first 
digit or pin 2 for the second digit. We 
then drive one of the cathode pins 
low, so that one of the 16 LEDs in the 
display has a complete circuit, ie, is 
driven at both ends. This ensures that 
only that segment lights up. 

The other eight lines remain high 
impedance (“Tri-stated”) in order 
to avoid turning on any of the other 
segments. 

To drive the second display, we re- 
use the same set of pins on the micro 
but we use two different ones for driv- 
ing the anodes. For example, here we 
are using pins 15 & 14 of the micro to 
drive the anodes in DISP1, while pins 
11 & 12 drive the anodes in DISP2. 





With this arrangement, when any 
segment in display DISP1 is illumi- 
nated, there is also a voltage present 
across one of the segments within 
DISP2. However, because DISP2’s an- 
ode pins are connected only to DISP1’s 
cathodes, that LED is reverse biased 
and so it does not light. The same is 
true in reverse, ie, driving a segment 
in DISP2 will reverse bias a segment 
in DISP1. 

The same applies for DISP3, which 
has its anodes driven from pins 18 & 
19 of the micro. As a result, no two 
common anodes are joined to the same 
microcontroller output. Thus, by be- 
ing clever as to which lines are driven 
high and low at any one time (as set 
by the micro’s internal firmware) and 
leaving the rest at high impedance, we 
can light any one of the 48 segments. 


Multiplexing 

While this scheme theoretically al- 
lows us to light more than one segment 
at once (in fact we could light all the 
segments in a single digit quite easily), 
in practice we would need external 
anode driver transistors to do this. The 
microcontroller outputs simply can’t 
provide enough current to light multi- 
ple segments simultaneously, at least 
not without affecting their brightness. 

So each segment in the display is 
lit individually in sequence. Because 
this happens so rapidly, the persist- 
ence of vision effect in our eyes makes 
it appear as if all the segments are 
lit simultaneously. This is much the 
same technique that’s generally used 
to multiplex a multi-digit 7-segment 
LED display, except that normally 
all the segments of each digit are lit 
simultaneously. 

In this case, we have taken the 
multiplexing to its extreme and as a 
result, the individual segment duty 
cycle is less than 2%. In other words, 
each segment is lit for less than 1/50th 
of the total time. 

We can get away with this for two 
reasons. First, the LED displays are 
very bright, so despite each segment 
being lit for such a short period, they 
are still quite visible. Second, we are 
driving them above their rated DC 
current (but below their rated pulse 
current), thereby increasing their 
instantaneous (and thus average) 
brightness. 

This scheme has yet another advan- 
tage. Because the number of segments 
being lit at any one time never varies 
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(it’s always one), the displays do not 
vary their brightness according to the 
value. Look carefully at a commercial 
device with a 7-segment LED display 
(eg, a microwave or clock/radio) and 
you will find that in many cases, the 
brightness varies quite dramatically 
between a digit reading “1” and one 
reading “8”. 


Current limiting 

The microcontroller runs off a +5V 
rail (more on this later) and the LED 
segments have a typical forward volt- 
age of around 2V. So how does the 
microcontroller drive the LEDs, or for 
that matter its internal output transis- 
tors, without burning them out? 

The answer is that these output tran- 
sistors, for both the anode and cathode 
drive, have a fairly significant internal 
resistance. This limits the current toa 
safe level but only ifthe segment duty 
cycle is kept low. As mentioned earlier, 
the duty cycle has to be less than 2% 
due to the number of segments and 
calculations show that this is safe for 
both the micro and the displays. 

Let’s take a closer look at these cal- 
culations. The ATTiny2313 datasheet 
does not specify any dissipation limits 
but we can estimate them from its cur- 
rent limits. In this case, the maximum 
current per I/O pin is given as 40mA, 
while the maximum current for the 
entire micro is 200mA. 

By referring to the “I/O Pin Source 
Current vs. Output Voltage (Vcc = 5V)” 
and “I/O Pin Sink Current vs. Output 
Voltage (Vcc = 5V)” graphs, we can 
calculate the maximum average dis- 
sipation for the output transistors in 
the worst case temperature. This is 
48mW for the pull-up transistors and 
42mW for the pull-down transistors. 

Since it is permissible to have up to 
five I/O pins sourcing 40mA and five 
1/O pins sinking 40mA simultaneously 
(40mA x 5 = 200mA) then we can 
calculate that the maximum package 
dissipation must be at least (48mW + 
42mW) x 5 = 450mW. 


Average dissipation 

We can now calculate the actual 
dissipation in the output transistors 
to check that it is safe. 

First, we assume that the voltage 
drop across each LED segment is 
around 2V. In reality, it will be higher 
than this due to the higher than normal 
current but using a 2V figure is the 
conservative approach. This means 
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Specifications 


Timing range: 1 second to 100 hours (360,000 seconds) in 1-second steps. 


Timing direction: unit can count up or down. 


Remote control: can be set and controlled using a universal remote control. 


External inputs: can be triggered and reset using external inputs; timer counts 
up or down from a preset value when externally triggered. 


Outputs: DPDT (double-pole double-throw) relay outputs — relay can be on or 
off while counting and then changes state for the duration of the alarm period. 


Relay contact rating: 30V DC or 24V AC (must NOT be used to switch mains 


appliances). 


Power supply: 9-12V DC 300mA plugpack or a battery. 


the current through the LED will be 
such that the sum of the voltage drops 
across the output transistors is 3V (ie, 
5V - 2V). 

By referring to the sink and source 
graphs previously mentioned, we can 
calculate that the worst case current 
flow is 65mA at -40°C. The instantane- 
ous dissipation will thus be 118mW 
in the source transistor, 130mW in the 
LED and 76mW in the sink transistor. 

Since the current source transistors 
have a duty cycle of no more than 
1:6 (there are six digits) and the sink 
transistors have a duty cycle of no 
more than 1:8 (eight segments), we 
can calculate the maximum average 
dissipation figures. These turn out to 
be 19.7mW for the source transistors, 
2.7mW for the LEDs and 9.5mW for 
the sink transistors. The total average 
dissipation in the microcontroller is 
just 194mW. 

These figures are all well below 
the maximum continuous ratings. So 
as long as we are careful to turn on 
each segment for just a short period 
(to prevent heat build up), then no 
damage should occur. In fact, in this 
design, each segment is lit for 10-20us 
at a time and thus the refresh rate is 
around 1kHz. 

Measurements on the prototype 
confirm these calculations. With the 
microcontroller running at 8MHz and 
no segments lit, the current drain is 
around 12mA. Conversely, with all 
the segments lit, it is around 50mA. 
This suggests that the instantaneous 
current through each LED is in the 
range of 40-50mA, which is slightly 
less than we have calculated. 


Infrared remote control 
Control signals from the remote are 





picked up by infrared receiver IRD1 
and fed to the PD2/INTO input (pin 6) 
of IC1. IRD1 also drives LED1 (a green 
5mm type) via PNP transistor Q1 and 
this LED flashes when ever an infrared 
transmission is received. However, it 
does not guarantee that there were no 
errors in the reception — if there are 
then IC1 will ignore the signal. LED1 
simply flashes brightly when infrared 
(IR) data is received. 

A typical infrared remote control 
produces a modulated signal at around 
36-38kHz. The IR receiver (IRD1) in- 
cludes an internal 30-40kHz bandpass 
filter in order to remove any signals 
that may be present from flickering 
lights or other infrared sources. 

Unfortunately, while this filter does 
a good job of preventing unintentional 
signals from triggering its output, it is 
not perfect. As a result, some red light 
reflected back to the receiver from the 
LED displays can cause occasional 
false triggering and this can be made 
worse if there are lights shining direct- 
ly on the unit, as their flickering can 
interact and produce beat frequencies. 

Ultimately, this isn’t a problem be- 
cause the microcontroller recognises 
only legitimate 889us-long control 
pulses and ignores the shorter pulses 
caused by interference. As a result, 
false triggering at the IR receiver’s 
output is rejected by the micro’s 
firmware and has no effect on the 
timer’s operation. 


Minor effects 

The false triggering does have two 
minor effects, though. One is that the 
onboard green LED can briefly flicker 
under some situations, as it directly 
monitors IRD1’s output. However, the 
LED lights much more brightly when 
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Fig.2: follow this parts layout diagram to build the PC board. Be careful 
not to get transistors Q1 & Q2 mixed up and note that the displays must 
be mounted with their decimal points towards the bottom. 
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It is also switched alternately on and 
off at 1Hz to save power and make its 
sound more obvious. 

Note that its 1-minute period is the 
default value and this can be altered 
if necessary. 

Relay RLY1 (a standard 5V micro 
DPDT type) is driven from output PD5 
(pin 9) of IC1, in this case via NPN 
transistor Q2. Diode D2 protects the 
transistor by quenching the back-EMF 
voltage spikes that are produced when 
the relay is switched off. All six relay 
contacts are connected to terminal 
blocks CON1 & CON2 so they can be 
connected to the output terminals on 
the outside of the case as you see fit. 

The trigger and reset inputs are 
provided via 3-way terminal block 
CON3 and a pair of RC filters (10kQ 
and 100nF). These serve two pur- 
poses: (1) they filter out any noise or 
transients from the signals; and (2) in 
combination with diodes D3-D6, they 
protect IC1 from excessive voltage in 
either direction. As a result, it is safe 
to apply at least +36V to either input. 

These inputs are connected to ports 
PD3 and PD4 (pins 7 & 8) of IC1. 
Voltages below 1.5V are considered 
“low” while voltages above 3V are 
considered “high”. The micro can be 
configured as to whether a low or high 
state activates the appropriate function 
(trigger or reset). 

PD3 and PD4 also have a weak 
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This photo shows the fully-assembled prototype board. Note that there 
are a few minor differences between this board and the final version 


shown in the wiring diagram of Fig.2 


the device is receiving genuine signals 
from the remote, so it’s easy to distin- 
guish between the two situations. 
The second problem is that if there 
is a lot of light shining directly into 
the device, it can cause occasional re- 
ception errors when using the remote. 
Our tests have shown that the device 
can be reliably controlled from at least 
5m away in most situations. It still 
works under adverse conditions but 
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you may occasionally have to press a 
remote button more than once or cor- 
rect a misinterpreted command when 
programming the unit. 


Support circuitry 

Pin 3 of IC1 drives the piezoelectric 
buzzer and this is activated for one 
minute at the end of the timing period. 
It is driven directly from output PD1 
as it only consumes a few milliamps. 


sive triggering. In this case, you would 
configure the input as active-low for 
use with a normally open switch or 
active-high for use with a normally 
closed switch. 


Power supply 

Power for the unit can either be 
derived from a 9-12V DC 300mA plug- 
pack or from a suitable 9-12V battery. 
The positive rail is fed in via diode 
DI, which provides reverse polarity 
protection, and applied to 3-terminal 
regulator REG1 (7805). REG1 then pro- 
vides a regulated +5V rail to power the 
circuit (including the relays), while the 
47uF and 100uF capacitors on either 
side of REG provide the necessary 
supply line filtering. 

The idle current is around 8.6mA 
and the maximum current drain is 
about 100mA with all LEDs lit, the 
relay on and the buzzer sounding. 
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Most of the idle current is consumed 
by the 7805 regulator (up to 6mA) and 
the infrared receiver (up to 4mA). 

If you want to power it from a bat- 
tery, especially one comprising alka- 
line cells, it would be a good idea to 
replace D1 with a 1N5819 Schottky 
diode and REG1 with an LM2940IT-5 
low drop-out regulator. The LM2940 
has a slightly higher quiescent current 
but will allow the timer to run down 
to a much lower battery voltage. 


Board assembly 


Most the parts are installed on a PC 
board coded 19108101 and measur- 
ing 89 x 80mm. Begin by carefully 
checking the copper side for defects 
(breaks or short circuits), then check 
that all the holes have been drilled to 
the correct size. You may have to test 
fit some of the parts (eg, the terminal 
blocks and displays) to confirm this. 

Check also that the four corner 
mounting holes have been drilled to 
3mm and that the board fits inside the 
plastic case. If it won’t go in, you may 
need to file the corners slightly. 

Fig.2 shows the parts layout on the 
PC board. Install the resistors first, 
followed by the four 1N4148 small 
signal diodes (D3-D6) which go in the 
middle of the board. The two larger 
1N4004 diodes (D1 & D2) can then be 
installed. Make sure that all diodes are 
correctly orientated. 

Next, install the IC socket with its 
notch closest to D1 — see Fig.2. Solder 
its two diagonally opposite pins first, 
then make sure it’s sitting flat on the 
board before soldering the rest. The 
two ceramic and four MKT capacitors 
can then be installed. 

Follow these with the two tran- 
sistors (Q1 & Q2). Note that Q1 is a 
PNP BC556 type while Q2 is an NPN 
BC546, so be careful not to get them 
mixed up. If their leads are too close 
together to fit through the holes on 
the board, crank them out with small 
pliers, then back down again so that 
they slide easily into place. 


Mounting the displays 


It’s now time to install the three dual 
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The PC board is installed by fitting Say 
M3 x 15mm tapped Nylon spacers at each 

corner and then fastening it to the integral pillars 
in the case. Note that you will have to run the wiring to 





















the DC socket and the barrier terminal strip before this is done. 


LED displays (leave the protective 
plastic on while you do this). For best 
appearance, they must sit perfectly 
flat against the PC board and should 
be parallel with the board edges. They 
also fit the board if installed upside- 
down, so be careful with their orien- 
tation — the decimal points must be 
towards the bottom. 

Before mounting the displays, check 
that their pins haven’t been bent 
during transport. If so, they can be 
carefully straightened with pliers. Be 
sure to push each display all the way 
down so that it sits flush against the 
board. It’s best to solder two diagonally 
opposite pins first. That way, you can 
check that the display is correctly 
orientated and is flush with the board 
before soldering its remaining pins. 

The two electrolytic capacitors are 
next on the list. Check their polarity 


fablesiEsResistomGolourmGodes 


4-Band Code (1%) 
brown black orange brown 
yellow violet brown brown 





carefully when installing them and 
be careful not to get them mixed up. 
They should both be mounted about 
3mm proud of the board so that they 
can later be bent over at about a 45° 
angle — see photos. That way, they 
won't intrude on the display. 

Once these parts are in, install the 
green LED (LED1). This goes in with its 
flat (cathode) side towards 7-segment 
LED display DISP3. Push it all the way 
down onto the board and check its 
orientation before soldering its leads. 

Now for the infrared receiver (IRD1). 


Tanlereacanacitomcodes 


Value uF Value IEC Code EIA Code 
100nF O.1npF 100n 104 
33pF NA 33p 33 







5-Band Code (1%) 
brown black black red brown 
yellow violet black black brown 
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6-WAY BARRIER TERMINAL STRIP 








Fig.3: here’s how to wire the DC input socket and connect the external 
Trigger & Reset inputs plus one pole of the relay to the 6-way barrier 
terminal strip. Alternatively, if you don’t need the Trigger & Reset inputs, 
you can connect both relay poles or you can use a second terminal strip. 


As shown in Fig.2, this is installed 
with its body flat against the PC board 
(domed lens facing upwards). This 
simply involves bending its leads 
down by 90° about 3mm away from 
its body before soldering it in position. 
The three screw terminal blocks 
(CON1-CON3) can now be soldered 
in. Note that CON1 & CON2 must be 
orientated so that their entry holes face 
away from the relay. Similarly, CON3 
should be installed with its entry holes 
towards the adjacent edge of the board. 
Check that they sit flush against the 
board before soldering their pins. 
Follow these with the relay, which 
again should sit flat against the board. 
After that, fit the buzzer, which must 
be installed with its positive pin (in- 
dicated on the body) towards CON4. 
The 2-pin polarised header (CON4) 
can then go in — install it with its 
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locking tab towards the adjacent edge 
of the board. 

The 8MHz crystal and the 7805T 
regulator are next. The crystal can go 
in either way around while the 7805T 
must go in with its metal tab towards 
the adjacent edge of the board. Solder 
the regulator’s leads, then bend it away 
from the displays at a 45° angle so that 
it doesn’t later impinge on display 
visibility. 


Microcontroller 


You can now complete the board 
assembly by installing the microcon- 


‘troller. If it came pre-programmed (as 


ina kit), all you need to do is make sure 
its pins are straight and then push it 
down into the socket with the correct 
orientation. 

If you need to program it first, you 
must do it out-of-circuit as some of 





the programming pins are connected 
across LEDs. Install the hex file (avail- 
able from the SILICON CHIP website) 
into its flash memory and don’t forget 
to set the fuse bits, which are docu- 
mented in the accompanying text file, 
otherwise it may not work correctly. 


Final assembly 


The PC board is designed to fit in 
a Jaycar HB-6246 polycarbonate case 
with clear lid. We have also produced 
a slightly modified board to suit the 
similar Altronics H-0324 box (both 
board patterns can be download from 
the SILICON CHIP website). 

Basically, you can customise the 
connections on the box to suit your 
needs. For example, if you want to 
power the unit from a battery you may 
decide to install an on/off switch to 
avoid draining the battery when you 
are not using it. And if you don’t need 
the trigger and reset connections (ie, 
you will be using the remote control 
only), then you won't need to run leads 
from CONS to an external connector. 

As shown in Fig.3, we used a 6-way 
chassis-mount terminal barrier to ter- 
minate the trigger/reset inputs and one 
relay pole. A 2.1mm chassis-mount 
DC socket mounted on one side of the 
case is used for the power input. This 
is connected to a polarised header 
plug via two short leads (red for posi- 
tive, black for negative) which is then 
plugged into CON4. 

The second relay pole was not 
connected in our prototype. If you do 
want to connect it, there is room on 
the other (bottom) side of the case for 
a second terminal barrier. We left the 
bottom clear so that the completed 
unit can rest on a flat surface but if we 
were mounting it on a wall, the bottom 
would be the logical location for the 
connections to be made. 

Assuming you want to assemble 
your timer as shown in Fig.3, you will 
need to drill eight holes along the top 
edge of the box and one hole in the 
lefthand side for the DC connector. 
Fig.4 shows the drilling details. This 
can either be photocopied and the sec- 
tions used as drilling templates or you 
can download the diagram from the 
SILICON CHIP website and print it out. 

You can attach the templates using 
adhesive tape. Make sure they are 
correctly positioned before drilling 
the holes (the terminal barrier and DC 
socket must both sit low enough to 
clear the PC board when it is installed 
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in the case). Drill small pilot holes at 
each location first, then enlarge them 
by stepping up to the correct drill 
size. Finally, deburr each hole using 
an oversize drill. 

The terminal barrier can now be 
pushed through and secured using 
two M3 x 20mm machine screws (one 
at either end). Use a flat washer under 
the head of each screw and a spring 
washer and nut inside the case. The 
DC socket can then be installed but 
you will have to discard-its washer as 
the box is too thick for it. Do the nut 
up firmly so it can’t rotate. 

Wiring 

It’s now just a matter of completing 
the wiring as shown in Fig.3, using 
medium-duty hook-up wire. Cut the 
wires to the lengths specified in the 
parts list, then strip and tin the ends 
before making the connections. 

The leads to the 6-way terminal bar- 
rier are soldered to the various tags, 
while the supply leads are crimped 
and soldered to the polarised header 
pins. These pins are then inserted 
into the plastic header shell (watch 
the polarity). 

Before soldering the supply lead to 
the DC socket, it’s a good idea to test 
the current drain. To do this, you will 
need a 9-15V DC supply, a multimeter 
and some alligator clip test leads. 

It’s then simply a matter of apply- 
ing power with your multimeter (set 
to mA) connected in series with one 
of the supply rails. The current drain 
should be in the region of 10mA. If it’s 
significantly more, disconnect the sup- 
ply and check for faults. If it is close to 
(or exactly), zero then you may have 
the supply leads transposed. 

Once the wiring to the terminal bar- 
rier and the DC socket is completed, 
the board can be installed in the case. 
To do this, first attach an M3 x 15mm 
tapped Nylon spacer to each corner of 
the board using M3 x 20mm machine 
screws. Wind the spacers all the way 
onto the screws but don’t tighten them 
— you must still be able to easily rotate 
the screw head. 

Next, attach the three leads to screw 
terminal block CONS (it’s much more 
difficult to attach them once the board 
is in place). Having done that, route the 
oldered leads from the barrier termi- 
al strip and the DC socket to either 
de of the case (see Fig.3), then lower 
board into place until its mounting 
ews meet the integral pillars. 
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HOLE C = 8mm DIA. 


Fig.4: these diagrams can be copied and used directly as drilling templates 
for the plastic case. Note that hole “C” is best made using a pilot drill and 
then enlarging it to size using a tapered reamer. 


The assembly can now be completed 
by tightening the four screws to hold 
the board in place, connecting the ap- 
propriate wires to the relay terminals 
(either CON1 or CON2, or both) and 
plugging the power connector into 
CON4. Check that the positive supply 
lead is closest to IC1 (this lead should 
also go back to the centre terminal of 
the DC socket). 

Finally, push any excess wire down 
under the board through the gaps on 
either side and install the lid (with 
the neoprene seal pressed into its 
channel). 


Waterproofing 

Since the box is IP65 rated (ie, 
water and dust proof), it’s possible to 
waterproof the timer if you wish to use 
it outdoors. However, because of the 
holes drilled for the barrier terminal 
strip and the DC socket, our prototype 
is more splash-proof than waterproof. 
If you like, you can apply silicone seal- 
ant to the inside of both connectors to 
improve this. 

The difficulty of properly water- 
proofing the timer is that all connec- 
tions must be made via [P65-rated 
connectors or cable glands. Perhaps 


the easiest method is to install a small 
cable gland on one side of the box and 
pass a multi-core cable through it, car- 
rying power and all the signal lines. 
With an 8-way cable, it’s possible to 
run the power, the two trigger wires 
(ground can be shared) and up to four 
relay connections. 


Getting the remote working 

To use the Digital Timer you will 
need a universal infrared remote con- 
trol which is set to a standard Philips 
RC5 remote control code (this is the 
default in many cases). 

The green LED in the timer will flash 
whenever an IR signal from the remote 
control is detected. To test whether 
you are using the right code, simply 
point the remote at the timer (make 
sure it is switched on) and press some 
of the numeric buttons. 

The corresponding numbers should 
appear on the timer’s 7-segment dis- 
plays. 

If they don’t, either the timer has a 
fault or the remote control is set to the 
wrong code. Try setting the remote to 
other Philips codes until you find the 
correct one. For example, the Digitech 
remote control pictured in this article 
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RELAY CONTACT RATING: 30V DC 
WARNING: DO NOT CONNECT 1¢ 


(Jaycar Cat. AR-1726) should be set to 
TV code 103. 

Once it’s working and the correct 
numbers appear, press the Power/ 
Standby button on the remote to clear 
the display. 


Adjusting the settings 

Before putting the timer to work, 
you need to configure it for your ap- 
plication (unless you just want to use 
the default settings). The procedure 
is as follows: 
(1) Default settings: for the first set of 
options, refer to Table 3. Decide on the 
default settings you want, then enter 
the corresponding digits in turn, from 
the first digit through to the sixth. 


24V AC MAX. 
(AC MAINS 


When you have entered all six digits, 
press the mute button on the remote. 

The display will now blank and 
your settings are saved. They can be 
updated at any time by repeating the 
above procedure. 

An example will make this clearer. 
Let’s say that you: (1) want the buzzer 
to sound at the end of the timing pe- 
riod, (2) want the relay to turn on at 
the end of the timing period (ie, for 
the duration of the alarm period), (3) 
want the trigger input active high, 
(4) the reset input active high, (5) 
the unit to count up when externally 
triggered and (6) the alarm period set 
to four minutes. In that case, it’s just 
a matter of pressing 1, 2, 2, 2,0, 4 on 


RELAY CONTACT RATING: 30V DC OR 24V AC MAX. 


RELAY CONTACT RATING: 30V DC OR 24V AC MAX. 
WARNING: DO NOT CONNECT TO 230VAC MAINS 


Fig.5: these labels should be attached inside the lid and to the panel above 
the barrier terminal strip using silicone sealant. 












Digit Setting 


Table 3: Setting Up The Presets 
1 Means (Default) 


0 means 














First Buzzer 


Second 









Trigger input 











Fourth Reset input 
Fifth When triggered 
Sixth Alarm period 
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Always off 








On during alarm period | N/A 


Relay Always off On while counting 








A barrier terminal strip 
on one end of the case can 
be used to terminate the 
external trigger & reset 
inputs plus one set of relay 
contacts, or you can use 

it to terminate both sets of 
relay contacts. Don’t forget 
the ratings sticker. 










the remote in sequence, followed by 
the Mute button. 

(2) Adjusting the brightness: the next step 
is to set the display brightness. This is 
done using the Volume Up (increase 
brightness) and Volume Down (de- 
crease brightness) buttons. There are 
32 possible levels and the brightness 
can be changed either when the timer 
is running or while setting the timing 
period. 

Initially, you can just press some 
random number buttons to get digits 
on the display and adjust the bright- 
ness from there. That done, clear 
the display by pressing the Power/ 
Standby button then press the Mute 
button. Each time the device is pow- 
ered up after this, it will automatically 
load the set brightness level. 

You can use the same procedure to 
change it again later, if necessary. 

(3) Automatic timing: the final setting 
is the timing period you want pro- 
grammed in for automatic triggering. 
Enter the time using the keypad, keep- 
ing in mind that the first two large 











2 Means 





On during alarm per’ 



























Enter number of minutes (0-9) 





Disabled Active low Active high 
Disabled Active low Active high 
Count up Count down | N/A 
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The relay used in this project is rated at 30VDC/2A and 125VAC/1A. However, 
as used here, it should not be used to switch any AC voltage higher than 24V. 
DO NOT under any circumstances use the on-board relay to switch 230V AC 
mains appliances — that would be quite dangerous. 


To switch a mains load, you will need to use the on-board relay to trigger an 
external mains-rated relay (mechanical or solid state). This must be mounted 
and wired in a safe manner. Don’t attempt to do this unless you know exactly 
what you are doing and are experienced with 230VAC wiring! You can also 
use an external relay if you need to switch high-current DC. 


If you plan on adding an external relay, it’s best to use one with a 12V DC 
coil and run the Digital Timer from a 12V DC supply. It is then simply a matter 
of connecting the timer’s 12V rail to one of its internal relay’s COM contacts 
(either on CON1 or CON2). The positive side of the external relay’s coil is then 
connected to the corresponding NO contact, while the negative side goes 
directly to the negative output of the 12V DC supply. A reverse-biased diode 
should be connected across the external relay’s coil to quench switching spikes. 


Now when the internal relay switches on, it supplies power to the external 
relay’s coil and it too switches on. The contacts of the external relay can then 
be used to switch on a mains device or supply power to a high-current DC load 
(provided these contacts are adequately rated). 


Keep in mind that your 12V DC supply must be able to provide at least 100mA 
for the Digital Timer itself plus the rated coil current of your external relay. A 





300mA plugpack supply should do the job quite nicely. 


digits represent the number of hours, 
the next two the number of minutes 
and the two smaller digits the number 
of seconds. Then press the “1-” key 
on the remote (the one normally used 
to enter 2-digit TV station numbers). 

This programmed time will now 
be placed in memory and recalled 
whenever the timer is started via its 
trigger input. 


Using the timer manually 


To use the timer manually, simply 
enter the timing period you want us- 
ing the keypad, then press either the 
“Channel Up” or “Channel Down” 
button. If you press “Channel Up”, 
the display will start at 00:00:00 and 
count up to the timing value you have 
entered. Alternatively, if “Channel 
Down” is pressed, the display will start 
at the timing value you have specified 
and count down to 00:00:00. 

When the timing period ends, the 
alarm period will begin (unless it has 
been set to 0 minutes in which case the 
timer will immediately reset). When 
the alarm period expires, the unit 
resets automatically or you can press 
the Power/Standby button to reset it 
before it expires. 

If you want to stop counting simply 
press the remote’s Power/Standby but- 
ton and the device will reset and go to 
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Chanlieplexing 


Earlier in the article, we referred to 
the method used to drive the LED 
displays as “charlieplexing”, which is 


really just a special form of multiplex- 
ing. If you want to know more about 
charlieplexing, refer to our feature 
in the forthcoming September 2010 
issue of SILICON CHIP. 





standby mode. You can also pause the 
timer by pressing the pause button (as- 
suming your remote control has it — it 
is actually a VCR function). To resume, 
press play (another VCR function). 

Note that the buzzer is quite audi- 
ble but not particularly loud once it 
is sealed inside the box. If you want 
to make it louder, drill some small 
holes in the lid immediately above the 
buzzer’s location. 

Finally, Fig.5 shows some labels 
which should be affixed to the inside 
lid of the case and to the panel imme- 
diately above the barrier strip termi- 
nal. These indicate the power supply 
requirements (and polarity) and also 
indicate the maximum voltage ratings 
for the relay contacts. 

That’s it! We are sure you can think 
of many uses for this project. st 
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SERVICEMAN'S LOG 


Consumer gear that’s faulty out of the box 





It’s not often these days that electronics gear 
is faulty out of the box but it does happen. 
Usually, we return the item for an exchange 
or refund but what happens if you’ve left it 
too long and lost the receipt into the bargain? 


In this business, I get volunteered 
for all sorts of things — especially by 
Mrs Serviceman 

Recently, at her request, I bought 
two digital mains timer switches for 
an elderly relative. Unfortunately, he 
left them unopened for several months 
and when he finally got around to try- 
ing them out, it soon became apparent 
that one of them was faulty. By then, 
the receipt had been well and truly 
lost and so-Mrs Serviceman thought it 
would be a good idea for me to fix it. 

After all, I was the one who had 
bought the timers, so it was my fault in 
the first place. That’s logical. 

While the digital timer 
portion of the device 
seemed to work fine, the 
actual mains switching 
did not. The working unit’s 
relay would click each time 
the output was switched 
on or off via the manual 
control pushbutton. By 
contrast, the faulty device 


would click twice when it a) 

; , 
was switched on but there i 
was no output at any time. y 
In addition, there was no sound Y 
from the relay when it was y 
switched off. | 


0) 
) 


Luckily, this wasn’t one 
of those plastic cases that 
is glued shut and has to be 
mangled to be opened. After 
removing a few screws from 
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the back, it snapped open to reveal two 
PC boards. One of these was attached 
to the inside front face and carried 
the LCD, pushbutton switches and 
control electronics. The other board 
was attached to the rear of the case and 
carried the power supply circuitry and 
the mains relay. 

I traced the layout of the main board 
and discovered that the power supply 
consisted of a 330nF X2 mains ca- 
pacitor in series with the Active wire, 
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followed by four 1N4004 diodes in a 
bridge rectifier configuration, then a 
100uF 50V capacitor in parallel with 
a 36V zener diode to Neutral. A low- 
value 1W resistor is in series with the 
Neutral side of the circuit to limit the 
inrush current, while the X2 capaci- 
tor has a parallel high-value resistor 
to discharge it when the power is 
switched off. 

In addition to the power supply and 
relay, the only remaining circuitry was 
an NPN transistor to drive the relay 
and a PC-mount trickle-charged 1.2V 
NiMH cell for powering the control 
board. The boards were connected 
via a 3-pin header and cable — two 
wires for powering the control board 
and one for driving the transistor that 
powers the relay. 

Another interesting discovery was 
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that the relay was a 48V type, while 
the supply seemed to be regulated to 
36V. Most relays are guaranteed to 
switch at approximately 75% of their 
rated voltage, which is why this circuit 
still works but I think I would have 
designed it a little more conservatively 
to allow more room for component 
tolerances. 

Not wishing to risk applying mains 
power with the case open and not 
having a convenient source of 36VDC, 
I turned my bench supply up to its 
maximum 30V output and connected 
it across the zener diode. This proved 
to be enough to switch the relay but 
only when it was orientated so that 
gravity would assist its switching. 

Fortunately, that was enough to 
allow me to determine that with this 
new power source, the unit worked 
correctly. Pressing the manual on/off 
button toggled the relay normally. So it 
seemed that the fault was in the power 
supply section. 

Because they have a reputation for 
unreliability I decided to first replace 
the 100uF electrolytic capacitor. My 
reasoning was that it may be low in 
value and not providing sufficient cur- 
rent to keep the relay energised. How- 
ever, that didn’t help and the capacitor 
that had been removed tested OK. 

The only other component that 
could explain this fault in the power 
supply was the 330nF X2 capacitor. 
However, these are designed to be reli- 
able enough to be used across mains 
conductors, so surely that couldn’t 
be it? 
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Despite my doubts, I removed the 
X2 capacitor and checked its value. It 
read 120nF which is just over a third 
of what it should have been! So now it 
was Clear why the device was behaving 
as it was. While the supply was able to 
charge up to 36V initially, the voltage 
dropped significantly when the relay 
was turned on because of the higher 
impedance of the X2 capacitor. 

In fact, it was dropping so far that 
the relay could not be kept closed. 
This explained the double click at turn 
on and explained why the output did 
not switch on properly. I replaced the 
X2 capacitor with a new one and it 
worked perfectly. 

Did something cause this capacitor 
to fail? It’s hard to say but its failure 
mode would appear to be consistent 
with the concept of X2 capacitor safety 
— it’s better for it to lose some of its 
capacitance rather than go short circuit 
if it’s going to be installed across the 
mains. However, I am suspicious that 
the capacitor used was of low quality. 
It weighed a fraction as much as its 
replacement! 

My next two stories are from T. T. 
of Woorim, Qld who has had some in- 
teresting encounters with marine elec- 
tronics. Here’s how he tells them... 


A shocking winch 
In remote anchorages, a cruis- 
ing yachtsman with some electrical 
knowledge gathers lots of friends, 
deals with lots of corroded wires and 
takes on a few challenging problems. 
In one recent case, Don got me 
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aboard his boat to look at his anchor 
winch. “Every time I pull up the an- 
chor, I get a belt from the forestay,” he 
said as he invited me up to the bow. 
“Go on, give it a try!” 

Not being particularly partial to 
“belts”, I gingerly took up the normal 
stance for winching up an anchor—one 
foot on the deck switch, one hand on 
the rail and the other hand holding 
the forestay so that one can hang over 
the side of the yacht to see what’s 
happening. This shouldn’t be too bad 
I reasoned — after all, it’s a12V system 
and the stay and rail are earthed, so 
how could I get a shock at all? 

Anyway, I pressed the switch, the 
winch motor hummed, the chain 
clanked through the gypsy and... no 
shock. “Seems OK to me,” I said, taking 
my foot off the switch. WHAM! That 
felt like several thousand volts alright! 
Don gave a satisfied grin. “Didn’t be- 
lieve me, did you?” 

Inside the yacht, we took off the 
small cover between the front cabin 
and the chain locker to gain access 
to the winch motor. I then squeezed 
my head and shoulders through the 


Shop 
On-Line 


at 


RIGOL DS-1102E 100MHz 


> 100MHz Bandwidth, 2 Ch 
>» 1GS/s Real Time Sampling 
» USB Device, USB Host & PictBridge 


ONLY $966 inc GST 


Perth 
Tel 08 9361 4200 
Fax 08 9361 4300 





EMONA 











AUGUST 2010 45 

















“SEEMS OK TO ME,” I SAID, TAKING MY FOOT OFF THE SWITCH... 


opening to be greeted by the strangest 
winch motor I had ever seen. “Oh, its a 
converted aircraft starter motor... we 
needed something really powerful for 
all this chain we carry”, Don told me. 

Because I had received the shock 
when the current flow had stopped, it 
was obvious that the collapsing mag- 
netic field had induced a high voltage 
in the motor’s winding. It was similar 
to the way a high voltage is produced 
by a car’s ignition.coil when the sup- 
ply is interrupted (eg, by a transistor 
switching off or, in ancient cars, the 
points opening). 

This problem could occur with any 
motor but in this case, the particular 
installation made things worse. An 
aircraft motor has large multi-turn 
windings and is operated at high RPM 
through a gearbox, so that explained 
the source of the problem. The high 
induced voltage was sparking to the 
motor frame which was fixed to the 


deck just under the forestay. 

I had a large diode left over from a 
solar panel installation and this was 
duly fitted across the supply wires at 
the motor terminals. This was nor- 
mally reverse biased, just like a diode 
fitted across a relay coil, but would 
quench any back-EMF that was gener- 
ated when the motor turned off. 

Don had been imagining fitting thick 
pieces of insulation between the mo- 
tor and the deck, or having the motor 
rewound because it was faulty. You 
can imagine his relief when a $2 diode 
did the trick. 


Faulty marine transceiver 
Radios are another common source 
of problems in the marine environ- 
ment. After all, complex electronics 
and sea air are never a good mix. 
Simon’s VHF transceiver wouldn’t 
transmit or receive. All the correct 
LEDs on the front panel were lighting 


Do you have any good servicing stories that you would like to share in 
The Serviceman column in SILICON CHIP? 

If so, why not send those stories in to us? In doesn’t matter what the 
story is about as long as it’s in some way related to the electronics or 
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involves both electrical and r 





at the right times and the display was 
fine, so my first thought was that it 
had to be the antenna. As a result, I 
removed the radio from the wooden 
panel above the navigation desk and 
unscrewed the PL259 plug from the 
antenna socket. 

The problem was immediately evi- 
dent — a greenish liquid was oozing 
from the plug, something I had seen 
several times before. 

“The coax cable attached to the 
aerial at the top of the mast hasn’t 
been sealed and water has wicked its 
way right down to the radio”, I told 
him, “You’ll need to replace the entire 
length”. 

Next, I examined the radio itself, 
as the salt water from the coax often 
gets inside the case and literally eats 
through component leads and PC 
board tracks. In this instance, only the 
socket itself was corroded and this was 
easily replaced. 

A new length of RG213/U coaxial 
cable was also purchased but that was 
the easy part. Not quite so easy was the 
trip to the top of the mast, where you 
sit in an uncomfortable little bosun’s 
chair suspended from the end of the 
mainsail halyard. What seems to be a 
lovely, calm anchorage at deck level 
isn’t quite so attractive when you are 
20 metres above the water, swaying 
several metres from left to right every 
few seconds, legs clamped around the 
mast and trying desperately not to drop 
that little grub screw. 

A few turns of self-amalgamating 
tape (missing in the previous instal- 
lation) sealed the joint and a quick 
“radio check” call to the Volunteer 
Marine Rescue about 15 nautical miles 
away confirmed that we were indeed 
back on the air. 





An up-lifting story 

This story comes from G. L. of Car- 
rum Downs in Victoria. Did you know 
that you could alter the timing of lift 
doors by jumping up and down? Nei- 
ther did he, as he explains... 

As a long-time reader of SILICON 
Cup, I have read many Serviceman’s 
Log columns and have great empath 
with his trials and tribulations, esy 
cially when it comes to dealing v 
customers. 

In my case, I work as a Lift Me 
ic, installing and servicing lif’ 








cal work and as you can ime 
of the work is fairly routi 
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silicce 


all — the following tale is from my time in our service 
department. 

One day, I was issued a call-out to investigate a lift 
that apparently had timing issues with the way the 
doors opened and closed. This was an older building 
with relay-logic lift controllers. In these units, the door 
dwell time (ie, the time the door stays fully open) is set 
by an RC network. This period could alter over time 
due to the electrolytic timing capacitor getting a bit 
leaky or even due to mechanical binding in the relay, 
depending on its type. 

On arrival at the job, I was met by the employee 
who had reported the fault and his manager. Now, at 
this point I should point out that this building was 
inhabited by state government public servants. What’s 
more, these two particular public servants must have 
trained in lift technology because they seemed to think 
they knew something about the subject — perhaps even 
more than I! 

In due course, the three of us entered the trouble- 
some lift so that the expert could show me just what 
his extensive testing had revealed. According to him, 
if you let the doors open and close by themselves 
without human intervention, they stayed open “a very 
long time”. I nodded my head at this and instructed 
him to proceed with his story. 

He then stated, that he could make the doors close 
faster using a special technique that he had researched 
and tested over the last few days. I must say that his 
manager appeared suitably impressed with this highly- 
skilled employee but I wasn’t so sure. 

“OK”, I said, “please show me how you speed up 
the doors”, whereupon he walked to the rear righthand 
corner of the lift and proudly announced “Watch this!” 

The lift door opened and he immediately jumped up 
and down until it started to close! “See it closes quicker 
if you jump!” His manager looked even prouder now, 
especially as this guy had spent days working this out. 

I was not so impressed with his claim and immedi- 
ately proceeded to explain how the door timing actually 
worked. It was a waste of time, as they both quickly 
assumed the look of my Labrador when I talk to it. All 
they heard was “blah-blah capacitor, blah-blah relay, 
blah-blah discharge time” — in short, they didn’t really 
try to comprehend a word I said. 

They then pointed out that I was wrong, with nice 
smirks on their faces. After all, what would I know? I 
was just the lift mechanic. 

“OK”, I said, “let’s just try this. We’ll let the door 
open and close naturally and time it with a watch”. 
Well, we did this and this produced a 6-second dwell 
time (ie, the door stayed open for six seconds). “ Now” 
I said, “let’s time it using your jump method to reduce 
the door open time”. 

Our expert jumped up and down for all he was worth 
but to their amazement, it was still six seconds! We had 
to repeat this quite a few times until they eventually 
got the idea that jumping up and down does not alter 
a capacitor’s discharge time! 

By now, the smirks had disappeared and the manager 
apologised for wasting my time. And as they trotted off 
back into the building, I heard the manager jokingly 
threaten to reassign his jumping colleague “to the mail 
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room for all eternity”. In some ways, it 
would have been a fitting punishment. 
My next story comes from a con- 
tributor in Western Australia and 
concerns a PA system. Here itis... 


Sorting out a PA system 

A comment in an earlier issue about 
“a mate who knows someone who 
knows someone” reminded me of a 
curious PA system fault in a country 
church. Country people often struggle 
to get access all kinds of services, in- 
cluding electronic expertise. However, 
there’s always a local “mate” to do the 
job for you. 

In this case, the PA had been in- 
stalled by one such mate, who was 
asked to do the job on the basis that he 
“fiddled with electronics”. Some time 
later, when Icame on the scene, I found 
that the PA system had a bad hum and 
that it sounded rather “muddy”. Ap- 
parently, everyone had put up with it 
because they thought it was the best 
they could expect, especially when a 
mate had installed it. 

My first thought was that the hum 
was most likely caused by a broken 
microphone lead on the offending 
input. Checking the mike sockets 
revealed unbalanced 6.35mm mono 
jacks wired with ordinary coax cable — 
great for TVs and 2-way radios but not 
so good for balanced audio inputs. The 
offending input’s cable also happened 
to be the longest run (into inaccessible 
roof space) and was also placed right 
on top of mains cable. 

The easiest option was to try to con- 
vert this run into a balanced line using 
a balancing transformer at the mike 
socket. This reduced the hum quite a 
bit but not as much as I’d hoped. Low- 
level hum was still audible and the 
occasional electric motor whine also 


intruded. Apparently, the shield was 
picking up more noise than the centre 
conductor, leaving some imbalance. 

This now left the difficult option, 
which was to completely rewire the 
system with twin-shielded cable and 
replace the mono jacks with standard 
XLR connectors. 

Re-wiring with twin-shielded cable 
involved erecting scaffolding so that 
it could be safely run across a high 
ceiling. It was duly installed after 
some effort and the coax cable to the 
remaining inputs was replaced as well. 
In addition, the 6.35mm jacks were all 
replaced with standard XLR sockets. 
Problem solved, or so I thought. 

Well, it wasn’t. Not only was the 
hum still there but when I moved the 
microphone around, there was even 
more hum than before — except this 
time on a different channel to the 
one the mike was plugged into! This 
was starting to look very strange. I 
rechecked the wiring of the newly- 
wired XLR sockets to make sure | 
hadn’t accidentally unbalanced what 
should have been a balanced lead but 
all was good. 

Where to now? Perhaps by solving a 
hum problem on one channel I'd either 
introduced or exposed a similar prob- 
lem on the other. However, the wiring 
to this input was a much shorter run 
and not near any mains cable. And in 
any event, it was now twin-shielded 
cable. 

By now, it was starting to look like 
an earthing problem in the amplifier. A 
quick multimeter check on all its XLR 
sockets revealed that pin 1 was earthed 
in each case, which is normal — except 
that nothing was behaving normally. 

Since just any earth isn’t good 
enough as far as low-level audio 
is concerned, it was all starting to 





look too difficult and the thought of 
purchasing a new amplifier quickly 
crossed my mind. However, this job 
was a labour of love and besides that, 
the amplifier was now misbehaving 
worse than before I started. This was 
rather embarrassing and so! persisted. 

The PA amplifier itself was modular, 
with the XLR sockets on a separate 
input board at the back of the chassis. 
This is connected to the main board by 
a ribbon cable, so there were several 
possibilities here for a problematic 
earth connection. 

Inow spenta very long time examin- 
ing the PC tracks through a maggy lamp 
but this revealed nothing obvious — not 
that dry joints are always obvious. 
Tapping, prodding and poking also 
revealed nothing so all that was left 
was to resolder all the earth connec- 
tions in the low-signal circuitry in the 
hope that this would fix the problem. 

And that’s when I came across a 
possible dry joint on a link from the 
preamplifier section earth to the main 
earth run on the PC board. As a result, 
I resoldered all the earth connections 
and that fixed the hum problem. The 
amplifier is now as quiet as a mouse, 
with not a trace of hum. 

So was the original unbalanced mi- 
crophone cabling capable of working 
hum-free, with the problem only in 
the PA amplifier? It’s quite possible 
that it had all worked correctly when 
it was first installed, with the ampli- 
fier developing its dry-joint fault some 
time later. 

That aside, resoldering the earth 
connections in the amplifier and using 
twin-shielded cabling has certainly 
done the trick. What’s more, the new 
cabling will provide the best possible 
immunity to noise pickup. 

Now all I have to do is solve the 
question as to why our local expert 
would connect both low impedance 
and 100V line speakers to the amplifier 
when the handbook says not to. S€ 
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Don't be fooled by the price tag, these are serious 1:10 scale 
electric off-road remote control racing cars! Each 68 va, 
is constructed around a lightweight hardened @ 
plastic chassis, and features front and rear fully — 
adjustable independent suspension with oil- 
dampened shock absorbers, full-time 4 
shaft-driven 4WD with ‘ 
front and rear 
geared differentials, 
lightweight 

| aluminium top plate for 
extra chassis strength, hi-speed 
steering servo, electronic speed 
| controller (ESC) and hi-torque 
} RC540 brushed motor. Both 
the buggy and monster 
| truck are supplied fully 
assembled and "ready- 
to-race", complete with 
7.2V 1800MAH NiMH rechargeable 
| battery pack and mains charger. 
Requires 8 x AA batteries for the Perfect Gift 
controller. Recommended for ages 12+. fg Dad this 
See website for full specifications. Father's Day! 

















12VDC Voltage Polarity Easy Tester > 
A passive, quick and easy testing solution that performs five & 
essential tests in the field: voltage, load, polarity, voltage drop 
and continuity. The load applied is selectable between 1A or 
500mA to test wiring depending on location, device to be 
10 WA R M tested, and anticipated voltage drop. p 


The illuminated power connector 
clearly displays polarity. Ideal for 
CCV and security installers, car 
audio, roadies, 


AV techs etc. $24 “a 


* Dimensions: 51(L) x ‘ 
afeat gift 
Pay 29(H)mm rk fi : 
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Weather Station LCD 


A weather station that fits in the palm of your hand, it shows | 
forecast, temperature, humidity, time, date and moon phase. It 
also has an alarm clock with snooze button. Complete with 
inbuilt LED torch and compass. 


* Batteries included 

* Celsius or Fahrenheit 

+ Max/min temperature 
and humidity memory 

+ Dimensions: 93(H) x 
50(W) x 18(0)mm 
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Flexible shafts have 
a multitude of 
uses. The kit 
consists of a 
powerful 32,000 RPM 
rotary tool that you can 
use with numerous attachments in 
the usual way, plus a 1m long flexible shaft 

that attaches in seconds to give extra versatility. Suitable for ;, ~~ 
model making, automotive, workshop, art, jewellery or . 

sculpture. a website for full kit nt , Twinkle Laser Systems 


10-2459 with DMX Control 


Whether staging a dance club or house party, these laser light 
projectors help create the perfect dance floor atmosphere. 
They produce truly spectacular lighting effects with plenty of 
geometric patterns and overall effects to choose from. 
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GT-3670 Was $229.00 Now $199.00 Save $30.00 igiAyll 


i 
GT-3672 Was $249.00 Now $219.00 Save $30.00 $$$ j 
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Me 
3 Channel Shark Helicopter 


with Alloy Frame  -_ Remote-Controlled Digital Timer 
All aluminium airframe, fuselage and landing gear make this 


chopper more than a toy and suitable for outdoor flying in calm 
conditions. A great challenge for the more experienced pilot. 


























Remote-controlled digital timer with a bright 20mm-high 

7-segment red LED display. It can count up or down from one 
second to 100 hours in 1-second increments. Its timing period 
can either be set and controlled using the remote control or it 


Three models available: 
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* Li-Po battery 
recharges in about 















S13431 $149.00 
















20 minutes can be automatically controlled via external triqger/reset * Dimensions: 205(L) x 
to give about inputs. An internal relay and buzzer activate when the unit 80(W) x 145(H)mm 
10 minutes times out. The relay contacts can be used to switch devices 
flight time rated up to 30VDC or 24VAC and the project can be powered 

* Remote requires from a plugpack or a battery. Short form kit only - you'll need 
4 x AA batteries 


to add your own universal 
remote, power supply & 
enclosure. 


+ 9-12VDC @300mA 
+ PCB and components 
KC-5496 


SL-3433 $149.00 
+ Dimensions: 205(L) x 
80(W) x 145(H)mm 


* Trim control 

+ Plugpack charger included 

+ 380mm long 

+ Recommended for ages 14+ 
GT-3380 Was $79.95 


2.4GHz Mini 4 Channel Helicopter 
Very stable and easy to fly, 

probably the best chopper 

we've had so far. Four channels — 
gives you complete control © \ 

for complex and ” 

accurate fs 
manoeuvring, takeoff 

























S13435 $299.00 
+ Dimensions: 200(L) x 85(W) x 158(H)mm 










This fantastic luxury supercar replica of the 4 
Lamborghini Reventén will not disappoint you! It features 
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and landings. The “ detailed bodywork, adjustable steering bias, built-in SOOmAH 2171 Great North Rd 
body is made from Lexan so is . ~~ . battery (recharges in 5-6 hours) and a see through ' New Lynn 
very flexible and strong. LS a bay. a for the Dad x Auckland 0600 
who dreams of owning a Ce, 4 Z 
* 18 minute charge gives about luxury car! y ‘ sid be 
10 minutes flying time. + 27MHz & Opens early 
+ Remote requires 4 x AA batteries. * Remote requires a August! 
+ Measures 185(L)mm approx. SAVE 1x 9V battery 
+ Recommended for ages 10+ $30 00 * Suitable for ages 8+ 
GT-3384 WAS $149.00 eine GT-3694 WAS $59.95 
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Eleckronies 


WWW.jaycar.com.au => 1300023 888 


Prices valid until 23/08/2010. Limited stock on sale items. No rainchecks. All Savings are based on Original RRP 





Semiconductor 
Component Analyser 


Intelligent semiconductor analyser that offers 
simple identification and testing for a variety of 2 or 3-pin 
devices. Type and lead identification as well as forward 
voltage, test current and other 
parameters for transistors. 


Cable Stapling Guns 


Take the pain out of cable installation. 
Instead of trying to pound away with 
a hammer, simply staple the 
cable to eaves, rafters or joists. 
| The staples have an integral 
plastic cable clamp that holds 

















An environmentally friendly OMM with 
rechargeable batteries that can be charged 
from the built-in solar panel, 12-36VDC or 
from mains power. Never have to buy 


batteries again. 95 00 : 
















































e Satine 






















the cable firmly in place. Each * Category: Cat Ill 600V SAVE + Automatic type identification 
gun takes a variety of ay © ROI * Display: 2000 count $2 4 00 of Bipolar Junction Transistors 
staples sizes to accommodate aes 95 B® - Size: 179(H) x 88(W) x (BJTs), Darlington, MOSFETs, 
up to 12.5mm diameter. : $19 | 39(D0)mm JFETs, triacs, thyristors, LEDs, 





diodes & diode networks 
+ Automatic pinout identification 
* Gain and leakage current measurement for BjTs 
* Silicon and germanium detection for BjTs 
* Forward voltage and test current $ 29 00 
+ Dimensions: 100(W) x 71(H) x 27(D)mm | 
QT-2216 







QM-1546 WAS $119.00 





TH2610 $19.95 
Includes gun, 2 interchangeable blades and 200 staples. 
TH2611 $9.95 
TH2612 $9.95 
| y TH-2615 $49.95 
Includes heavy duty die cast gun, 3 interchangeable blades 
and 200 staples in a carry case. 
























A handy test instrument worthy of any professional yf 
tradesman or handyman's tool kit. This unit has an easy 
finger dial selector on the front leaving your other hand free. 


TH2616 $9.95 : i PE 
BE . Professional Laser Distance Meter 





















TH-2617 $9.95 , ie 
TH-2618 $9.95 Sedo @ $345 
* Case included @omeee SAVE | Distance, area, volume or indirect 
: ‘ $>& 00 measurement, this does it all in metres, 
Multifunction LED Controller “AID ONE 4 325) feet or inches. It also adds, subtracts 



























* Display: 5000 count 
* Category: Cat Il 600V / Cat Ill 300V 
+ Basic VDC accuracy: 0.500% 

QM-1544 WAS $59.95 


and takes min/max measurements. 
Invaluable for architects, estimators, 
builders or renovators. 

Laner Distance Meter 


Battery and case included. 
* Backlit LCD : " 


* Laser accuracy + 

+ Dimensions: 110(L) x 00 | 
47(W) x 28(H)mm $1 99 

20 


with Remote 


Great for applications like back 
lighting, mood lighting and 

commercial signage. Comes “a 
complete with a wireless remote a 
control, so you can adjust your a 

LED effects from a distance of up 

to 50 metres. Features adjustable 

12 modes, 8 speeds, pause and 

brightness control. Unit requires 12-24V supply and will provide 
up to 5A maximum load per channel. See our website for 
compatible LED modules. 


ane 95 
+ Dimensions: 211(L) x 40(W) x 30(H)mm $79 
MP-3275 a 


188pc Rotary Tool Accessories Pack 
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A true RMS DMM purpose built for professional 
applications. With an ergonomic 
slimline yet robust design, it has 
overload protection, easy battery 
replacement, and comes supplied 
with a protective holster and test 
lead. A trustworthy instrument for 
apprentices and seasoned 
tradesmen alike, 


Sound Level Datalogger 







Designed for recording and logging sound pressure level 
measurements for quality control, illness prevention, 
acoustic design or any other type of environmental 
sound measurement in domestic or industrial 
applications. The memory is able to record up to 
129,920 samples with A or C weighting at 
intervals from 1 second to 24 hours and 
downloaded to a PC for later analysis. 






























* Display: 4000 count 
* Category: Cat IV 600V 
+ Dimensions: 164(L) x 























At substantially lower cost than the 
hardware store brands and with 188 
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el bil wi We se nae hicass 00 Modified to calculate SPL via proper log 

ool t ; i eT eRerT | : averaging rather than the inaccurate 

A Everything is ber ‘ a he . WT al arithmetic average used on the original 
you can see exactly where all the | meu design. Battery and windsock included. 


bits belong. Sanding, grinding, 
cutting and polishing attachments. 
See website for full list of contents. 
10-2458 









+ USB interface $1 49 00 


* Over-range indication ~~~ an Great gift 















RUE © Multifunction Environment /—\ 
‘aaa eee _ Meter with DMM new 




























$1 9 95. Ak | A multi-function environment meter that combines the , ee ee i, a or 
functions of a sound level meter, light meter, humidity meter «Dimensions: 140(L) x 28(W) Father's Day | 
_o and temperature meter. Typical sound applications include x1 (Hmm 
checking acoustics of recording studios, auditoriums and M1599 


professional hi-fi installations. The light and 
humidity meters are ideal for video - a f ¢ : 
photographers, greenhouse and 15 Piece Micro Driver Set 
hydroponic setups, etc. Others who 
should find this meter essential include 
interior designers, factory and office 
managers, record and archive keepers, 
schools, hospitals, 


laboratories and, of $1 29 00 Key 







Silicone Rescue Tape ‘new. 
| Gaffa tape on steroids. Rescue tape is a 
self-fusing tape made of the highest 
quality materials for a permanent air- 

| tight and water-tight seal. It is 
designed for quick plumbing repairs, 
sealing hoses in your car/truck/boat, 

| coating the ends of rope, wrapping tool 
handles, emergency o-ring seals or to 
insulate electrical wiring. Tightly wrap the $1 9 % | 
tape for a quicker bond. Resists fuels, oils, = 
(ia solvents, salt water, oad salt, UV rays. 
























This handy set will fit the bill for all those microscopic 
fasteners we come across in modern electronics. The handles 
are colour coded for easy identification and 

they come in a storage case. 

















course, universities. 


+ 4000 count 

* Cat Ill 300V 

* Dimensions: 170(H) x 78(W) x 48(D) 
1} QM-1594 


The set contains: 
Slotted: 1mm, 1.4mm, 1.8mm, 2.4mm 
Phillips: #000, #00, #0, #1 
Torx: 15, 16, 17, 18 $24% 
} Hex: 1.5mm, 2mm, 2.5MM ee 
| | Drivers: 105mm long 

} + Case size: 192(L) x 130(W) x 26(H)mm 

10-206 2069 
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Rocker Switches 







Ergonomic Supercrimp Tool 








This super heavy-duty ergonomic crimper is designed to perform the same tasks as a normal crimper, but with 40-50% less handle- 
force required, and a pressure adjustment dial for variable actuation force. It uses interchangeable dies (available separately) that 
can be quickly and easily changed. Buy only the dies that you require! Dies available for telephone and network plugs, insulation 
terminals, BNC/TNC connectors to suit RGS8/59/62 coax, and even F-type Cat 5 connectors to suit RGS9/RG6 coax. 

TH-1950 $49.95 


Dies to suit: 













Waterproof SPST large rocker actuator for 
harsh environment applications. 


* Rated for 240VAC 10A 
* Mounting hole 34 x 15mm 
SK-0993 
























TH-1952 $17.95 
TH-1953 $17.95 
TH-1954 $17.95 
TH-1955 $17.95 
TH-1956 $17.95 
TH-1957 $17.95 


© TH-1958 $17.95 
TH-1959 E 





















1P56 rated, large rocker actuator. 


+ SPST 
+ Illuminated red 

* Rated for 12VDC 20A 

+ Mounting hole 20.5 x 37mm 
SK-0997 




















TH-1952 TH-1956 TH-1958 











and marine applications. Illuminates one side 
red and one side green. 
* On-Off-On 

* Rating: 14VDC, 21A 

* Cutout size: 34 x 21mm 
SK-0999 


Long-lasting heavy duty lubricant grease for 
bearings, sliding mechanisms, battery 


terminals, chains, sprockets or other 
io parts. White in colour so it 
forms a kind of thick, milky sea in the 


lubricated area. Reduce friction, 
protects against corrosion. 
NA-1015 














An integrated desoldering tool for 
service and production work. 
Saves time and money by reducing waste. 


* ESD safe 

+ Safer - no more burned fingers | 
+ Replacement braid: NS-3043 $9.95 
NS-3042 WAS $79.95 
























Heavy Duty Toggle Switches “en ) 


IP56 Rated Pushbutton Switches y : Rated for 277VAC 20 with 11.5mm Mounting hole, . 
Cat. ST-0581 $4.95 
Cat. ST-0583 $5.45 
Cat. ST-0585 $7.95 
(at. ST-0586 $7.95 
















IP65 rated for use in harsh environments. Rated for 14V 10A, 
with 22mm mounting hole. Only red is illuminated. 


SP-0756 $6.95 
SP-0757 $8.95 
SP-0758 $6.95 
SP-0759 $8.95 






Also available: 





















Cat. ST-0587 $4.95 
Engine Start Switch ss SPST Heavy Duty Pushbutton C&K Toggle Switches 


Marine Switch 
+ Keyless engine start 
for track or street. 
+ Illuminated momentary 


SPST momentary action, 
brass body with large 
action pushbutton 
+ Rated for 12VDC 50A 


chrome-plated actuator. 

ne Can accommodate panel 
“Mounting hole 22mm | $4) 95 
SP-0773 as 






Quality US C&K toggle switches with solder tags. \ 























51-0396 $6.45 







thickness of up to 22mm. 51-0397 $6.95 


Mounting hole 16mm, screw terminals. st 
SP-0701 







S1-0398 $8.95 


ST-0399 $9.45 













Gasket seals, stainless steel hardware and |P66 rated for use in industrial, marine and other harsh environments. The 4 A ( 
closures have a locking catch that engages to positively hold the lid closed until disengaged. Each enclosure includes a 


1.8mm galvanised chassis for mounting DIN rail, switchgear, relays or circuit breakers. A size for any application. y) @ Plug'n Play USB technology means this oscilloscope is 
ical easy to setup and use. The included software includes a chart 
SAVE $$$ 
















recorder, function generator, logic generator, logic 
analyser, and spectrum analyser, all in one easy to mr “SCon,e 
use package. See website for more. 4a 


125(L) x 125(W) x 75(D)mm 
HB-6400 Was $16.95 Now $11.95 Save $5.00 
175(L) x 125(W) x 75(D)mm 
HB-6402 Was $29.95 Now $24.95 Save $5.00 
200(L) x 200(W) x 130(D)mm 
HB-6404 Was $34.95 Now $29.95 Save $5.00 













* Oscilloscope, spectrum analyzer 
+ Sample rate: 100 Hz - 200 kHz 


+ Input voltage -20 - +20 V 4 
+ ADC capacity: 10 bits ($199 | 


QC-1930 Was $299 sho 


$100 


Limited stock on sale items. J | Electronics 


Www.jaycar.com.au 







; 125(L) x 75(W) x 75(D)mm 






HB-6410 Was $18.95 Now $13.95 Save $5.00 Great aift 
175(L) x 125(W) x 75(D)mm idea for 
\ HB-6412 Was $32.95 Now $27.95 Save $5.00 Father's Day Cc i | r 





All Savings are based on Original RRP 


Halogen 
Replacement Bulbs 


A range of drop-in replacement 
halogen globes that will fit 
standard bayonet or Edison 
screw fittings, use only 2/3 the 
energy, last for over 1000 hours 
and, being halogen maintain the 
same warm quality of light that 
everyone is used to. Sizes for any 








Wind Generators 


Always at the forefront of alternative energy technology, we'e pleased to offer this new range of wind turbine generators. As 
well as the 200W model we now have a super-compact 300W version, and a big SOOW unit for those who want to generate 
some serious power. All models feature external charge controllers with three-phase AC output, so you can install a long cable 
run without worrying about DC voltage drop. 

































fe 


NOTE: All wind generator models are supplied without mounting tower and associated mounting hardware. 
WARNING: These wind generators are suitable for permanent terrestrial installations ONLY! 


* Number of Blades: 3 XQ $3999 


+ Included: generator, blades, tail, hub, nose cone, external charge controller 


ad 







































G-4520 $399.00 hae y ne See 
MG-4580 $599.00 $2795 $5.95 
MG-4582 $599.00 — A SL2796 $5.95 
Features: moulded, compact, efficient blade design, are lightweight, have neodymium magnets, SL2797 $5.95 
Hand the charge controllers are built into the generator heads. SL2798 $5.95 
# + Number of Blades: 3 
+ Included: generator, blades, tail, hub, nose cone Spare parts available. 
See our catalogue or 
website for more details Sart ) 
+ Number of Blades: 3 @ 3 x 1W puck lights that can be surface mounted or 
+ Included: generator, blades, tail, hub, nose cone, charge controller — recessed to fit into your décor. They're powered by a single 
MG-4540 $999.00 sig plugpack with a distribution block on a 2 metre cable, and 


each light has its own 600mm 


( Switchmode Plugpacks / 1P68 3-Core Flex Joiner Rental aaa liat 




















Designed to enable the joining of mains 3-core flex 
cables while providing a robust and waterproof connection. 
Includes 3-way terminal block, but will also 
accommodate any connector that fits within 
the internal dimensions of the housing. 


+ P68 rated 


+ AS/NZS3100 i : 
+ Voltage rating: 250VAC Vehicle LED Daytime 


+ Current rating: 16A max $29% | | Running Lights 


* Accepts cables 6 - 10mm dia , 
PS-4068 These Euro styled superbright LED 
bulbs will turn on 
automatically on ignition, 
making your car more noticeable on 
the road. With a lifespan of 
50,000 hours, these long life 
and energy saving DRLs are a , 
much better daytime alternative than using your wha lights or 
low beam headlights. Flush-mounted brackets are included for 
easy installation and directional tilt-adjustment. 


These switchmode plugpack adaptors are slim in size, 
lightweight, and feature manually selectable variable voltage 
outputs. All are MEPS compliant and come supplied with 7 
plugs and a USB output socket. (MP-3318 does not include USB 
socket) 


+ Fashionable cool white colour 
* More than 30,000 hours life tae 
* Power supply 12VDC 1A 

* Light size: 72(Dia) x 28(H)mm 

$1-3894 




































. me 69(L) x 39(W 
x 31(H 


(at. atk can $19.95 































+ Dimensions: 69(L) x 39(W) x 31(H)mm | PROM: 
Cat. MP-3312 $24.95 $199 


Be ret 
39(W) x 31(H 4 
Cat. Me a on 95 
+ 7 output plugs with USB outlet 


* Dimensions: 96(L) x 50(W) x 30(H)mm @ 
Cat. MP-3316 $34.95 


* Dimensions: 96(L) x 
50(W) x 30(H)mm 
Cat. MP-3318 $34.95 


Fold it away in the carry bag when not in use, then when you set up camp just fold it out so your batteries are 
being charged. A stand is included so you can position the panel for optimum solar capture, and charge controller y4 
is fitted to ensure batteries are correctly charged. Excellent for your next camping, 4WD or boating trek. ‘ 


12VDC Car Cigarette Lighter 7 new) 
Socket 4 Way Splitter 


With the plethora of 12VDC plug appliances now available, 
your car's single cigarette lighter socket seems somewhat 
insufficient. This cigarette socket splitter enables you to power 
up to four 12VDC plug appliances at once. From our range 
alone you can plug in a laptop adaptor, a heated travel mug, a 
sine wave inverter, and a rechargeable LED torch. Plus it 
features a USB port to charge your iPhone® or other USB 
gadget. Mounting hardware included. 
































oe Gi 






x 







+ Energy efficient 12V 6.1W 
+ Emark 87R certificate : 
+ Each lamp measures 190(W) x 30(H) x 43(D)mm 
SL3419 










* 12V0C plug with 12m lead 
* 4x 12VDC socket outputs 
* 1x 5VDC 1A USB port 

* 10A max 


PS-2019 $4 9 95 


1P67 LED Landscape Spotlights 


1P67 rated for complete protection 
against the weather and can 
even be mounted in a water 
feature or rock pool Being LED, they 
use very little power and will last 
for thousands of hours. Each can 
be mounted on a surface or on 
the stout spike and thrust into the 
ground in a convenient location. Each 4 
has a 5m length of cable and extension cables are 
available. 1W or 3W types. 























































* Rated voltage: 12V Gr : 
eat gift 
* Voltage at pmax: 17.3V idea for or Les baaath 
+ Current at pmax: 4.64A Father's D. Provides natural-looking light 
. ia arners vey $50 % + Energy efficient 
Open circuit voltage: 21.5V : 
+ Short circuit current: 5.1A iontianeesaed + Equivalent to a 50 watt halogen 


* Dimensions: 
Open: 1090(W) x 623(H) x 36(D)mm 
Folded: 545(L) x 623(W) x 73(D)mm 
1M-9130 Normally $649.00 





SL-2755 f 
$L2756 $59.95 
$2757 $24.95 
$2754 $39.95 
$L2759 $19.95 


Special 
Introductory Price 


Better, More Technical tinicsecn scien To order call 1800 022 888 





DON’T just 


SIT THERE, 


BUILD SOMETHING 




























These fantastic X-Glow torches utilise 
Cree® high performance LEDs, 
which are renown for 
providing superior light and 
longer globe life than other 
brands. Incredibly energy 
efficient, Cree® LEDs produce a ° 
clear smooth beam of brilliant 
white light with minimal energy Save $ $9} 
lost through residual heat. These X-Glow torches feature 
robust water resistant aluminium casings for heavy duty 
use, and they will even cold start in sub-zero temperatures. 
51-3372 Was $47.95 Now $29.95 Save $18 
51-3374 Was $64.95 Now $34.95 Save $30 
51-3376 Was $69.95 Now $39.95 Save $30 


Low battery? No worries, this super-bright 1 watt LED torch 
conveniently recharges in your car's cigarette lighter 
socket. With a robust aluminium alloy 
housing it can take a fair 
amount of abuse and still e- i 
shine as brightly as the 

day you bought it. 













Outdoor IP65 Rated Tri-tech 7) | Colour Coded Key Finder ‘Rew 
Microwave /PIR Sensor new 


Most PIRS are generally not suitable for outdoor use. The dual 
lenses, use of two synchronised PIR sensors and microwave 
technologies, plus the movement detection 
algorithm built in reduces false alarms and 
with the IP65 rating makes this sensor 
suitable for outdoor security applications. It 
also has NO and NC alarm outputs, tamper 
H switch and LED alarm trigger indicator. See 
4 website for specifications. 







Remember putting your keys down but cant quite pinpoint 
where? This litle gadget will help you with your problem in 

no time. Simply press the colour coded button allocated to 

your keys on the main unit and the 

matching receiver will beep so you 

can find those missing keys. The ‘ —Z_ aa 
base unit can be placed on a 

counter top or be wall mounted. 

Stand ncuded. if J =¥ z 


if 
+ Transmits radio signal $49 % 5 se, 


up to 25m away 
* Key fobs incorporate LEO flashlight 
* Required 3 x AA Batteries 
XC-0353 












































* All-in-one motion sensor 

* Automatic background analysis 

* Selectable PIR and microwave sensitivity 
* 12V0C power 

* Dimensions: 168(H) x 95(W) x 65(D)mm 


ie 149 
werent 


Swivel Bracket to suit: LA-5043 $19.95 

































Keyring Keyfinder with LED Torch 








Ever misplaced your keys and needed them in a hurry? This 
‘« 12V 100Ah Deep Cycle Gel ETL CCTA MES byiliant device will generate a beeping sound when it detects 


a whistle. It will work effectively within a 3 metre radius. Also 


doubles as a handy keyring torch! Batteries included. 
* Uses 2 x LR44 ~ , new) 
batteries _— 
































Deep-cycle gel performance for solar installations oie, 
and other alternative energy systems. @ 












% 
ee 4 





* Capacity: 100Ah 




































+ Initial charge current: 30A + Size: 52(L) x en ¢ ai . * Dimensions: 160(L) x 35(Dia)mm 
+ Cycle voltage: 14.4 - 15V 40(W) x 15(W)mm 39 $ {eo 3-- 51-3381 
+ Standby voltage: 13.5 - 13.8V XC0351 } 
+ Weight: 31.5kq new 
+ Dimensions: 330(L) x b : hae 
173(W) x 223(H) - 3 Stage 48V 9A Battery Charger With a massive light output of 190 lumens, a { 





$B-1695 Full range of SLA & GEL batteries in stock - see in store tactical switch and multiple light modes 
every 4WD should have one 
in the glovebox. Adjustable 
beam with 5 zoom options. 
+ Requires 3 x AAA batteries 


ST-3456 






Suitable for golf buggies, electric wheelchairs or similar 
applications. It monitors and manages your charging with 
Low Voltage Battery Isolator three different stages and will maintain the 
optimum charge level. CaS . 
lightweight. Includes 













With microprocessor control, this indispensable device monitors 

























the output voltage of any 12V lead-acid battery. If the terminal output cables —_ essing 
voltage drops below 11.9V, the battery will be automatically with eye ~ 
disconnected. Essential for boats, camping, caravans, RVs, 4WD, terminals to 1 | From party balloons and pool toys to larger air mattresses 


solar power systems etc. and rubber dinghies - this high-volume low- 
pressure rechargeable air pump will have the 
job done in no time. Recharged via 


mains power or car charger, its 


attach to your 


battery. age, ¥ 499 0 


+ Switchable charging modes 


































ma 


* High cranking capacity - 800A 
* High input/output 










current - 200A J + Short circuit, output current, polarity and thermal protection portable cord-free operation 
* Low power ' * LED charge status indication makes this a must-have ¢ 

consumption - 15mA * Digital charge Display Great for Golf accessory for your beach and 
* 3 year warranty + Input: 190 - 260VAC Buggies! camping inflatables. 


* Mounting hardware included 
* Dimensions: 85(H) x 55(W) x 35(D)mm $99 ed 
MB-3678 cena 


* Output: 48VDC @ 9A max 
+ Dimensions: 298(L) x 112(W) x 60(H)mm 
MB-3628 









* Inflation and deflation port 
+ Includes hose and two air nozzle fittings 
* Mains adaptor (240VAC) and car charger (12VDC) included 
GH-1119 





















This high quality engine immobilising car alarm Siren to suit Shadow Immobilising Car Alarm : 
Surpasses the AS/NZS 4601:1999 standard and + Multi-Tone 20 watt Battery Back-Up ‘we 4 
boasts a range of features including: Siren with security key shut-off = 











Electronic Transformers for LED Lights & , 


These electronic transformers are designed to be used with LED lighting 
products that take a 12V power source, for example our LED MR16 



















i * Shock Sensor (adjustable sensitivity settings) : ; cm : 
+ Micro-pr cy ; 
icro-processor controlled technology - Bonnet Pin Switch (protects engine bay from tamper) replacement globes, and provide the same kind of efficient power delivery 
2 button 2 channel code hopping remotes «Sypplementary installation bookdet and compact size as a normal electronic transformer. They deliver a 
. a relay output for the third ress $49 i P constant 12VDC and feature short circuit, over temperature, over 
immobilisation point . 










load and spike protection. 10W and 20W models available: 
MP-3360 $19.95 : 
MP-3362 $24.95 


Jaycar 


* Panic button personal safety feature 
* Heavy duty 2 x 40 amp immobiliser relay circuits 
+ Horn of siren output 


Remote central locking 
if car fitted with central locking) Buy Both for 
8970 $139.00 $138.95 & Save $50. ey ) 


WW.) ayca .com.au Limited stock on sale items. 


All Savings are based on Original RRP 














USB & HARD DISK DRIVE DOCKING STATIONS 


A 2.5"/3.5" SATA dock for USB 3.0 enabled desktop new 
PCs and laptops. USB 3.0 boasts theoretical speeds of A 
up to 4.8Gbps, that's ten times faster than its USB 2.0 
predecessor. This dock is particularly useful for 
computer technicians, IT professionals and those of 
you who download a lot and need to oa nian 
drives frequently. 


+ Compatible with Windows 
XP/Vista/7/Mac 9.X and higher 
* Dimensions: 145(L) x 94(W) x 82(H)mm 
XC-4696 


USB 3.0 hub with four ports. 4.8Gbps data 

rate. 10X times faster than USB2.0. A blazing fast USB 3.0 ready dual SATA docking 
station for the home or office. Dock two 3.5 or 2.5 

© inch SATA drives or one of each, and in a flash you 
can back up gigabytes, terabytes or petabytes of 

information without the hassle of installing hard 

drives in enclosures or in the PC. 


+ Dimensions: 85(L) x 32(W) x 18(H)mm relia $99 : 


XC4947 ye late At XC-4697 



































































600VA 375W Line Interactive UPS ’) 


If you don't have the time for crimping cables and 
installing wallplates, Ethernet over the existing power 

cables is a great solution. The will convert Ethernet packets 
from the Ethernet port to powerline communication packets 
(PLC packets), which run on regular home power 
lines, then converts them from PLC packets 
back to Ethernet packets. A simple 


































Dustproof & waterproof to IP68, so if it should ever get diff 
simply wipe clean with a sponge. Perfect for industrial, food & 
beverage, laboratories, garages and even outdoor use. It also 
comes with a silicone sleeve for added protection. Anti- 
bacterial rubber 
construction. 


Compact and completely self-contained, this is the ideal 
backup solution for your data or other important 
equipment. It has 3 surge-protected 
outlets as well as 3 
outlets backed up by the 
UPS. It also has RJ11 
ports for protecting 



















phone or fax lines. way to extend speedy wired $179 * Full-sized QWERTY 
tworking around the h ha 
* Cold start feature ssh eiatiiie cain ree + USB connectivity 
+ Software included * Data rate: Up to 200Mbps 10 + Windows 2000/XP/Vista SAVE 










* Rating: 375W, 600VA 
+ SLA battery: 7Ah 

+ Supply voltage 220 to 280VAC 

* Backup time: 3 min at full load 

* Recharge time: 10 hrs 

* Output waveform: Step sine wave 

* Dimensions: 268(L) x 180(W) x 80(H)mm 
MP-5222 


* Measures 440(L) x 138(W) x 12(H)mm 
XC-5141 WAS $99.00 


* Data link protocol: HomePlug AV 
YN-8350 WAS $189.00 








































A high performance switch that offers a cost-effective 
means of increasing network performance and reducing 
congestion. It manages the transmission of data packets on the 
network & enables simultaneous connections between several 
machines without interfering with data being 
exchanged on the other 
connections. 9VAC power 
pack included. 


* Standards compliance: IEEE 802.3, 
IEEE 802.3u, & IEEE 802.3ab SAVE. 

* Size: 130(W) x 103(D) x 27(H)mm $20 00 | 

YN-8089 WAS $79.95 


PERE 2.5" SATAHDD Enclosure - USB 3.0 _5-5" Graphics Tablet 


WC7792 $14.95 
WC7794. $14.95 
WC7796 $14.95 


Just touch the top and your USB hub will rise from 
the surface of your desk to do your bidding. 
Touch it again and it lowers itself back 
into place and out of the way. It has 3 USB 
2.0 ports and also acts as a cable grommet to 
keep all your computer cables neat and tidy. 


+ Powered by USB 
* Mounting hole: 75mm 
* Mounting depth: 70mm 
+ Diameter: 92mm 
XC-4877 WAS $14.95 











New USB Leads 
High Quality USB 2.0 Leads - 2.0m new) 


High quality USB 2.0 leads for your 

PC peripherals, professional audio or i 
camera equipment. Superior shielding 
protects against potential 
electromagnetic interferences and 
ensures data continuity. 







































Using a graphics tablet is completely natural, more 
comfortable and far more accurate than a mouse, with higher 
resolution and pressure sensitivity. The pen has user defined 
buttons and "hotspots" around the border of the tablet. Paint, 
draw, write or touch up. Absolutely essential tool for graphics 
designers, photographers or other creatives. 
169% | 


Take advantage of the massive speed increase of USB 3.0. Slot 
your 2.5" SATA HOD into this enclosure and when connected to 
a USB 3.0 port of a computer you will 
experience speeds up to 10 times 
faster than USB 2.0. 


+ Includes one 1.1m USB 3.0 
Micro B to Male A cable 













i Quality IEEE1394 
ables - 1.8m 


This range of high quality 1EEE1394 
cables boast 24K gold plated 



















* Battery & software 





























connectors, 99.9% oxygen free copper * Locking screws included included 
conductors and are shielded against * Dimensions: 77(W) x 113(L) x 14(D)mm * Windows 2000, XP, 
EMI. Ideal to obtain faultless data streams. XC-4684 $59 % Vista or Mac 
© tat ore | + Dimensions: 205(W) 
WC-7630 $19.95 x 190(H)mm 
WC-7632 $19.95 XC-0356 ban 





WC7634 Oe 2.4GHz Wi Fi Yagi Antenna 















USB 3.0 Adaptors Ultra-compact unobtrusive indoor antenna for 
wireless networking at home or in a small office. USB Powered Extension 
Termination is by SMA connector on 1m lead. ° 
PA-0930 $12.95 y Lead with 4 Port Hub 
‘ + Frequency range: 2.4 -2.4835GHZ , 
PA-0931 $12.95 + VSWR: - 2.0 ene Extend your printer or any other USB 





+ Impedance: 50 ohm - device as far as 10 metres away from 
° Gain 8dBi §29% : your PC. A 4-port hub adds extra 


PA-0932 $12.95 “Z 
| «Polarisation veil ——— j flexibility. Powered by USB from — 
PA-0933 $12.95 }| + Base: 85(L) x 47(W)mm | | the host computer. 
/ \AR3282 _/ \ XC4122 
igen cone | a. 


Better, More Technical i To order call 1800 ° 






























DON’T just @ 
SIT THERE,» «<= 
BUILD SOMETHING : ; 


2 Channel Pro Dj Mixer (4) _ Dual Channel UHF ten 
Wireless Microphone 


Suitable for professional and stage use, this UHF diversity 
wireless microphone system features 16 user-selectable 
channels with easy infra-red pairing on each microphone 
provide interference-free transmission. It also has phase locked 
loop (PLL) circuitry for frequency stability. The system includes 
2 microphones with batteries and receiver unit in 19" rack- 
mount chassis. See website for full specifications. 


+ Power: 12 - 18VDC 
* Dimensions: 420(L) x 






Team any of these LED DMx-controlled 
lights with a controller or software 
for complete control over your oH 

stage, party or Dj lighting setup. aay oad 
Each is 240V powered, individually ey? 
addressable via DIP switch and by 
includes a mounting bracket. 










The ideal mixer to learn on. Two channels each 
with RCA inputs for CD or other line level source and a set of 
dedicated phono inputs. The BPM counter is capable of 

| accurately measuring the beats per minute of almost any kind 
of dance music automatically and works equally well with a 


| CD player or a turntable. 
$449 





























+ Level meters on each channel 

+ 2 band EQ on each 
channel 

* Phono and line 




























513420 $99.00 
+ Dimensions: 180(L) x 170(Dia)mm 


oS 












level inputs 210(W) x 45(H)mm 
* Mic and headphone AM-4120 ev 
outputs 


+ Dimensions: 300(L) x 135(Dia)mm 
* Effects loop ; ; 
+ Line level preamp outputs 
* Selectable CF curve 
* Dimensions: 330(W) x 22(H) x 102(0)mm 
AM-4206 













S1-3424 $169.00 
* Dimensions: 245(L) x 195(Dia)mm 






Also available: 
AM-4122 $269.00 


















1 Farad Capacitor ~~‘ 


High farad capacitors act as surge 
current reservoirs for your amplifiers and other 
electrical equipment. Integrate these capacitors 
into your audio system to avoid voltage drops 
from high transient current peaks. 


8 Channel Compact Mixing Console 


with Digital Effects Provides hassle-free sharing of Audio and Video signals all 
over your house, office, or shop where power and space are 
a consideration. Wireless and compact, both transmitter 
and receiver operate on battery power. Connection to 
the AV source is via 3.5mm to RCA 
composite video and audio lead. 


+ 2x 1m leads included 95 
* Each unit requires $26° 


2x AA batteries SAVE ie 
+ 85mm wide $53 00 
AR-1852 Was $79.95 at 






































| The ideal small mixer for home recording, small PA systems 
etc. This is a well-featured little unit with high and low mic 
inputs, separate EQ, gain and pan controls, aux 


send and return for effects, recording outputs 
and phantom power. 


* Four mono channels with high & low 
impedance inputs 

+ 2-band EQ on all 
mono channels 

* Gain, aux send 
and pan controls 

+ 2 stereo channels 







* Gold plated terminals 
* Mounting brackets and hardware included 
* Digital voltage display = 
* Dimensions: 260(H) x 75(Diaymm | $ 

RU-6754 
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+ Phantom power (48V) é 
* Headphone output Stage quality 6.5mm mono to This is an excellent DVR that is ideally suited to smaller” | 
* Dimensions: 270(W) x Speakon cable for connecting small surveillance installations around the home or office. It uses 
270(H) x 50(D)mm PA systems. 3m, super flexi cable. MPEG video compression and can store over 150 hours of 
| AM-4204 WA-7108 video on its 250Gb hard drive. Recording setup is simple and 





various trigger modes can be set across the day including iy 
include timer recording, motion detection, and manual _<cseza, 


16% 
operation. Supplied with 4 x @ 


2.1mm Illuminated Polarity Dual Siren Personal Alarm weather resistant colour 
Sensing DC Connectors frey _ With LED Torch ee Sees 


connecting leads and 
wireless remote. 




































Simplifies installation of CCTV cameras, access control 
and other security applications. These 2.1mm DC 

connectors detect and indicate the polarity of power 
| connections with integrated LEDs. They also shine brighter as 
| voltage increases. 5-30 VAC/VDC range, 1 metre lead length. 


| Available in two models: Seo 
i WQ-7288 $4.95 = 


WO-7289 54.95 gy 


Deter thieves and attackers with its loud dual 130dB sirens 
and powerful independent torch function which will 
strobe when the alarm is activated. Simply pull the § 
rip-cord to pull out the pin. Fantastic for travellers. 


+ Includes 4 x LR44 batteries 
+ Dimensions: 105(L) x 28(W) x 15(H)mm 


1A-5181 14 E 
















+ 4x colour camera inputs 

* 1x composite video output 

+ Frame rate 25fps (Quad mode) 
QV-3063 Was $599 














Also available Personal Mini Alarm 
with LED Torch LA-5183 $9. 9% 










Add a monitor or og into your TV and you have a complete surveillance 
system. With 2 colour IR cameras, this processor turns any 

standard TV or monitor into a mulitplexer. It can display a single 
camera view, or multiple combinations of different camera views \a 
including one or two picture-in-picture or automatic sequencing. 














| Asimple 2 wire combined arrangement for power and video make this 
| system a snap to install. The system uses a CMOS image sensor with 
F 350TV line resolution and will automatically sense signal 








cable tampering or incorrect wiring and alert you with Dimensions: 105(L) x 85(W) x 55(H)mm See, 
| a warning signal. Kit includes camera, signal QV-3095 WAS $349.00 ed Stock , « & 


processor, connecting cable, and mains adaptor. g 
| a -3264 WAS $129.00 


ais IR version (IP56 = also available - QC-3266 $89.00 






$690 


69% | 
save°60% = 


~ Limited stock on sale items 


www. jaycar. com. au All Savings are based on Original RRP 












Perfect skin section model up to 

medical educational level. 

| Includes removable hair and 
skin layers with extra acne 
parts. A fantastic 
educational tool for 

| schools and medical 

| practices. 


+ 25 pieces included 
* Approx 200mm high 


Deluxe cutaway life-size heart anatomy 
model that's perfect for medical educational 
purposes. Includes detachable tricuspid 
valve and mitral valve as well as detailed 
parts of the aorta, pulmonary artery, 
superior vena cave, inferior vena 

cave and septum. 


* Display stand 
included 
+ Approx 185mm high 


sug eR 


Perfect For Schools and Universities 


Learn all about how the brain works and 


the structure of the skull. A 


fantastic cutaway model s% 


for education in medical 
practices and schools. 


* 14 pieces included 

* Display stand 
included 

+ Approx 185mm 
high 


66-2377 GG-2378 


$24% | 


| Take a few frosty ones to the 

| cricket - or a bottle of chardonnay 
| if you like to bowl from the 
Paddington end. Lined with 
insulation and holds a 6-pack. 


* Size: 260(W) x 260(H) 
x 120(D)mm 
HB-5005 


Featuring a much higher motor speed than your average RC 
car (3300 rpm/Volt), these brushless electric cars are more 

| efficient, so your battery pack lasts longer. Both models are 

} ready to race and have high-efficiency brushless motors with 

| electronic speed controllers, four wheel drive, independent 

| suspension, super-tuff Lexan bodies, rechargeable batterypacks 
and digital proportional remote control units. 


q 


Brushless Touring 

* Length: 360mm 

+ Wheelbase: 260mm 

* Track: 200mm 

* Gear ratio: 6.25:1 

+ Battery: 7.2V, 2000mAh 
GT-3674 Was $299.00 


SAVE 
930” 


~ "= Great Gift Idea 
Truggy For Father's Day 


* Length: 460mm = 
+ Wheelbase: 275mm 

* Track: 250mm 

* Gear ratio: 1:8.038 

* Battery: 7.2V, 2000mAh 

+ Recommended for ages 12+ 

GT-3676 Was $329.00 


Spare parts available separately 


Newcastle 
Penrith 
Rydalmere 
Sydney City 
Taren Point 


a 


Australia Freecall Orders: Ph 1800 022 888 
AUSTRALIAN CAPITAL TERRITORY 

Belconnen Ph (02) 6253 5700 
Fyshwick Ph (02) 6239 1801 


Albury Ph (02) 6021 6788 
Alexandria Ph a 9699 4699 
Bankstown Ph (02) 9709 2822 
Blacktown Ph os 9678 9669 : 
Bondi Junction Ph (02) 9369 3899 — 
Brookvale Ph i 9905 4130 Cat oolture 
Campbelltown Ph (02) 4620 7155 Cairns 
Coffs Harbour Ph (02) 6651 5238 Capalaba 
Croydon Ph (02) 9799 0402 Ipswich 
Erina Ph (02) 4365 3433 Labrador 
Gore Hill Ph rey 9439 4799 Mackay 
Hornsby Ph (02) 9476 6221 

Liverpool Ph (02) 9821 3100 

Maitland Ph (02) 4934 4911 


Wollongong 


Darwin 


All savings are based on original RRP 


Tweed Heads 


NORTHERN TERRITORY 


Maroochydore 
Mermaid Beach Ph 
Nth Rockhampton Ph (07) 4926 4155 
Arrival dates of new products in this flyer were confirmed at the time 
of print. Occasionally these dates change unexpectedly. Please ring your 
local store to check stock details. Prices valid to 23rd August 2010. 


GG-2379 


Note: All recommended for ages 8+ 


Pack one of these for the next trip and avoid nasty ‘ 
surprises at the check-in counter. _— 


f 2 
* Requires 2 x AAA batteries . 
* Capacity: 40kg 

* Tare and auto-off 

* Backlit LCD 

* Overload and low battery indication 
+ Size: 122(L) x 85(H) x 25(W)mm 
QM-7232 


819% | 


Equipped with a robotic arm and an enhanced high-speed ' 
program, it can teach you to play as well as improve your skills. 


* Suitable for novice to experienced players 
* 128 levels including training, tournament & problem solving 
levels up to mate-in-6 moves , 
+ Programmed in accordance 
with the International se7, 
Chess Rules By 
* Board size: 380(W) 
380(D) x 40(H)mm 
GT-3516 
WAS $299.00 


USB Cassette Deck 


Record cassette tracks to your computer via USB or play 

back through the built-in SW speaker. You can also run the line 
level outputs to an external amplifier and 

use it as a component cassette deck. 


Dimensions: 178(L) x 
72(H) x 178(W)mm 
GE-4054 


Townsville 


Ph omy 4965 3799 bah - 
inderwoo' 


Ph (02) 4721 8337 
Ph ie 8832 3120 
Ph (02) 9267 1614 
Ph (02) 9531 7033 
Ph (07) 5524 6566 
Ph (02) 4226 7089 


SOUTH AUSTRALIA 
Adelaide 
Clovelly Park 

Gepps Cross 


Hobart 
Ph (08) 8948 4043 Launceston 
Cheltenham 
Coburg 
Frankston 
Geelong 


Ph 7 3863 0099 
Ph (07) 5432 3152 
Ph on 4041 6747 
Ph (07) 3245 2014 
Ph (07) 3282 5800 
Ph ‘ 5537 4295 
Ph (07) 4953 0611 
Ph a 5479 3511 

07) 5526 6722 


Ph (03 


Melbourne 
Shepparton 
Sunshine Ph (03 


Head Office 
320 Victoria Road, Rydalmere NSW 2116 
Ph: (02) 8832 3100 Fax: (02) 8832 3169 


Ph (07) 4772 5022 
Ph (07) 3841 4888 
Woolloongabba Ph (07) 3393 0777 


Ph (08) 8231 7355 
Ph (08) 8276 6901 
Ph (08) 8262 3200 


Ph (03) 6272 9955 
Ph (03) 6334 2777 


Ph Hy 9585 5011 
9384 1811 

Ph (03) 9781 4100 
Ph (03) 5221 5800 
Hallam Ph 8 9796 4577 
Ph (03) 9663 2030 

Ringwood Ph oS 9870 9053 
Ph (03) 5822 4037 

Springvale Ph cay 9547 1022 
9310 8066 


Online Orders 
Website: www,jaycar.com.au 
Email: techstore@jaycar.com.au C 


Female reproductive 

system model for 

education and medical study. 
Includes detachable organs with 
cross section parts and internal 
details. 


* 16 parts with stand and 
assembly guide 

+ Approx 240mm high 

GG-2388 


The kids will enjoy hours of creativity with this digital photo & 
video camera. The robust design can withstand heavy duty 
play. It has a 16MB internal memory and can capture 

up to 120 still photos or up to 50 seconds of video. 


+ Requires 4 x AA batteries 

+ Camera driver software and 
USB cable included 

* Windows 2000, XP & 
Vista compatible i 

* Suitable for ages 3+ 

QC3188 


With reflecting and transmission light, this power 


microscope will enable you to see the closest 
details under a monocular eyepiece or projection 
screen. Easy to assemble and comes with a 

ready made specimen for immediate exploration | 
of the microscopic world. Requires 2 x AA 
batteries. See website for full kit contents. 


* Dimensions: 95(L) x 163(H) x 75(W)mm 

+ Power 50X-100X, 150X-300X, wy 
300X-600X microscope 

QC-3243 


Plug in your MP3 player or any other audio source and 

the 30mm speakers will provide more than enough volume to 
bop along to. Powered 

by batteries or 6VDC 

plugpack (not included). 


+ Requires 4 x AAA batteries 
* Dimensions: 167(W) x 54(H) x 32(0)mm 
XC5177 


Ph (03) 9465 3333 


Ph (03) 9741 8951 
WESTERN AUSTRALIA 
Maddinaton Ph (08) 9493 4300 
Midland Ph a 9250 8200 
Northbridge Ph (08) 9328 8252 
Rockingham Ph (08) 9592 8000 


Thomastown 
Werribee 


Dunedin Ph (03) 471 7934 
Glenfield Ph (09) 444 4628 
Hamilton Ph (07) 846 0177 
Hastings Ph oF 876 0239 
Manukau Ph (09) 263 6241 
Mt Wellington Ph ("9 258 5207 
Newmarket Ph (09) 377 6421 
New Lynn Ph (09) 828 8096 
Palmerston Nth Ph (06) 353 8246 
Wellington Ph (04) 801 9005 
NZ Freecall Orders _ Ph 0800 452 922 


Jaycar 


Electronics 


Christchurch Ph a 379 1662 





PRODUCT SHOWCASE 





“Environment” multimeter does light, sound, 
temperature, humidity, frequency .. . etc! 


The new Digitech QM1594 Multi- 
meter from Jaycar Electronics does 
much more than measure your usual 
voltages, currents, resistance, etc. 

Dubbed a “multifunction environ- 
ment meter” this versatile meter may 
be the only one you will ever need as 
it also handles light levels to 40,000 
Lux, sound levels from 35 to 100dB 
(C weighted, 30-10kHz), frequency 
(5Hz-10MHz), temperature 0 to 50°C 
(or with supplied K-type temperature 
probe -20 to 1300°C), relative humid- 
ity 33-99% ... along with the more 
“usual” ranges of AC/DC voltage, AC/ 
DC current (including WA ranges), re- 
sistance, capacitance, diode check, etc. 

Priced at $129, it is supplied with 
the test leads shown at right (including 
thermocouple), 9V battery and instruc- 
tion manual. It’s available now from 
all Jaycar Electronics stores, resellers 
and the web Techstore. 





Contact: 
Hammond Electronics Pty Ltd 
11-13 Port Rd, Queenstown, SA 5014 
Tel: (08) 8240 2244 Fax: (08) 8240 2255 





Website: www.hammondmfg.com 





www. siliconchip.com.au 





Contact: 

Jaycar Electronics 

(All stores and web Techstore) 

Tel: 1800 022 888 

Website: www. jaycar.com.au 


Keystone Components Mini 
Catalog 


More than 125 new 
products for use with 
SMT or THM appli- 
cations are featured 
Pritam in this 16-page mini 

eee catalog from Key- 
stone Electronics. 

Products include 
an expanded se- 
lection of battery 

hardware; contacts, clips, holders and 
retainers for coin cell and button cells 
batteries; new, multi-use fuse holders and 
clips for mini and standard auto blade 
fuses; top quality, insulated terminals, 
pins and jacks with PTFE bushings and 
insulators; standard USB, micro USB, mini 
USB Type A and B plugs and sockets for 
both SMT and THM mounting in USB 2.0 
and USB 3.0 configurations. 












Contact: 
NPA Pty Ltd 
10 Gray St, Kilkenny, SA 5009 


Tel: (08) 8263 2733 Fax: (08) 8268 1455 
Website: www.npa.com.au 





New BlueSIM phone 
combats mobile phone 
radiation 






A recent study by the 
International Agency 
: for Research on Cancer 
(IARC) has found that people who 
talk on their mobile phones for 30 
minutes a day are up to 40% more 
likely to develop glioma, a com- 
mon type of brain cancer. 

The BlueSIM phone takes the 
mobile phone away from your 
head. Developed by an Austral- 
ian company, the BlueSIM phone 
works with any Bluetooth-enabled 
mobile phone (including smart 
phones). Once the Bluetooth signal 
of a mobile phone is recognised by 
the BlueSIM handset, the quick 
link process begins and use of the 
BlueSIM handset can commence. 

From this point forward the 
mobile phone is recognised as a 
paired device with the BlueSIM 
handset, allowing calls to be made 
to and from the BlueSIM handset 
via the mobile phone connection. 
In this regard, the BlueSIM phone 
becomes an extension of a mobile 
phone. 

The BlueSIM phone is avail- 
able in selected stores throughout 
Australia and has arecommended 
retail price of $299.00 





Contact: 

The Dualsim Phone Company 
Tel: 02 9756 6224 Fax: 02 9756 6242 
Website: www. bluesim.com.au 
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’ By JOHN: CLARKE 


Most readers would know that you can obtain small ultrasonic 
cleaners for jewellery and similar small items. So why not a much 
larger version? It would be great for cleaning automotive and other 

. mechanical parts, fabrics which cannot be machine washed, ornate 
bric-a-brac and a host of other hard-to-clean items. Pal 


A nyone who has ever needed to clean the parts for 


a carburettor, differential, gearbox or any other 
greasy and intricate parts must have often wished 


o for an easier way. 


Generally you dunk the parts in a container of kero- 
sene, dieseline detergent or whatever, to soak for a while 
and then you return to the task with various brushes and 
implements to scrape off the grease and other gunk. It is a 
dirty and tedious task. 

But what if you could dispense with all that brushing 
‘and scraping? If you could just drop the components in 
a tank of suitable solvent, press a button and then come 
back later to remove the parts in sparkling clean condition? 






two “halves” of the project: © 

~ the controller at left and the 

ultrasonic transducer, potted in 
a length of pipe, at right. 





, Oo 


Our ultrasonic cleaner is designed to do exactly that 
job. It uses a high power piezoelectric transducer and an 
ultrasonic driver to literally blast away the dirt and grime 
with ultrasonic energy. 

The solvent might be kerosene or hot water and a wetting 
agent such as a detergent. At low drive levels the solvent 
conducts the ultrasonic signal throughout the bath. At 
higher power levels, the ultrasonic wavefront causes cavita- 
tion which causes bubbles to form and then collapse. This 
is shown in Fig.1. 

As the wavefront passes, normal pressure is restored and 
the bubble collapses to produce a shock wave. This shock 
wave helps to loosen particles from the item being cleaned. 





siliconchip.com.au 
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4 
. 10) 
) 
O 
Cleaning a coffee-stained stainless steel tray O 
_. in our “bath” (actually an old plastic cistern — 
' —see page 65). You can’t see the bubbles ) O 
being generated in this photo — they’re too 
small — but they are certainly there. ° 
The size of the bubbles is dependent uponthe ultrasonic frequently running through its resonance. This alternative © , 
frequency and is smaller with higher frequencies. sweep pattern should be for intermittent use only. Which 
Industrial ultrasonic cleaners tend to use frequencies sweep pattern is best depends on the component beingo~’ 
between 20kHz and 50kHz while cleaners for small parts cleaned and the type of contamination. - 
typically use frequencies above 50kHz. The driver for our Ultrasonic Cleaner O 
Our ultrasonic cleaner sweeps the fre- is housed in a small plastic case. This 
quency range from about 19kHz to 42kHz to CAVITATION connects to the piezoelectric ultrasonic 
produce cavitation bubbles of varying sizes. BUBBLE FORMS transducer itself using a length of sheathed 


The frequency is varied with an irregular 
pattern to avoid a constant low frequency 
sub-harmonic in the cleaning bath or tank. 
Variation of the sub-harmonic frequency 
reduces the impact of resonances in small 
items being cleaned that may otherwise 
cause them to disintegrate. 

This variation in frequency also prevents 


2-core mains-rated cable. The piezoelec-> 
tric transducer is housed in a PVC fitting 0 
that covers and insulates the terminals 
a eee from accidental contact. Thisisnecessary © 
PRESSURE because the transducer is driven at a high 
voltage which could cause a nasty shock 
if you come into contact with it. 
The piezo transducer and housing can 


x 

<— c) +> 
v 

% v BUBBLE SHRINKS 
Oo 


standing waves in the cleaning bath that UNDER RESTORED be directly immersed in the ultrasonic 
can produce cavitation in one area but no PRESSURE bath or tank. Alternatively the transducer 
cavitation in another area. This can lead to can be glued to the outside of the bath us- 
irregular cleaning action of a component. ing epoxy resin for deeper baths. . 

Actual power delivered is dependent : . . ’ 
upon the resonant frequency of the piezo Cae eee Circuit details 
transducer. For the Silicon Chip Ultrasonic WAVES The circuit of our Ultrasonic Cleaner 
Cleaner, maximum power delivered by the (fig.2) is relatively simple due to the use. 
transducer is at about 40kHz which is the 1 of an 8-pin PIC12F675-I/P microcon- 
resonant frequency of the specified piezo ~<()—> _ NEW CAVITATION troller, IC1. This drives the piezoelectric 
ultrasonic transducer. e BUBBLE FORMS transducer via two Mosfets, Q1 & Q2 and~’ 

The Ultrasonic Cleaner can be set to run transformer, T1. The microcontroller also 
for between 30 seconds and 10 minutes. Fig.1: the ultrasonic cleaning provides the timer and the start functions. 

. process. It’s all about causing Crystal X1 sets the microcontroller to 

Alternative sweep pattern shock waves in the cleaning run at 20MHz. This frequency allows the 

An alternative sweep pattern is available | solvent to literally “shake off’} ultrasonic drive to be shifted in small in- 2 
that sweeps over a frequency range ofaround | the dirt and grime. You can crements amounting to 320Hz at around 
12kHz, centred on the 40kHz resonance. | do this manually-butthe =| 40kHz. 
This produces a higher agitation level in | ultrasonic transducer does it Outputs GPO and GP1 provide comple- 


40,000 times each second! mentary gate drive signals for Mosfets Q1 





the cleaning bath due to the transducer 
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om nately and these in turn drive 
the separate halves of the 


O 


O Q o the +12V supply. When Mos- 


o 
o 


oF 
@: 
*C) ° 


oa) 


>, 90 higher gate voltage of 4.5V. 


(OPTIONAL) 


PIC12F675- 


ULTRASONIC CLEANER 


/P 


ZD1, ZD2 


FTD29 FERRITE 


TRANSFORMER TO 


ULTRASONIC 
TRANSDUCER 


78105 


IN OUT 


RFP3ONO6LE 





A K 


D4D7: 1N4148 


ae 

D1,D2: 1N5819 2 

D3: IN4004 é D 
| 3 D 
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Fig.2: the driver circuit for the piezoelectric ultrasonic transducer is controlled by a PIC12F675-I/P micro. Two 
oscillation modes are available, the alternative is selected by holding the “start” button down as power is applied. 
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é 5 (8 ° 6 5 fe 
& Q2. Since these outputs only swing 


from OV to 5V, Q1 & Q2 are logic-level 
Mosfets. Standard Mosfets require 
gate signals of at least 10V for full 
conduction but logic-level Mosfets 
will fully conduct with much less. For 
the RFP30NO6LE Mosfets specified, 
o the on-resistance between drain and 
source is amere 75mQ at 20A at a gate 
_ voltage of 3V. The on resistance drops 
further to around 23mQ at 20A at the 


+The Mosfets are rated at 30A 
“continuous. 
Q1 & Q2 are driven alter- 


transformer primary which 
~ has its centre tap connected to 


fet Qli is switched on, current 


60° | SILICON GHIP ate 


° ° = 
flows in its section of the transformer 
primary winding. 

Q1 remains on for less than 50us 
depending on the frequency and is 
then switched off. Both Mosfets are 
then off for a few microseconds before 
Q2 is switched on. Q2 is then switched 
on for the same duration as for Q1 and 
then both Mosfets remain off for a few 
microseconds before Q1 is switched 
on again. The gap when both Mosfets 


Specifications 








are off is the “dead time” and it allows ; J 


each Mosfet to fully switch off before « 
the other is switched on. 


The alternate switching action ofthe’ , 


Mosfets generates an AC square wave 
in the secondary and since the pri- 


° 


mary/secondary turns ratio is 11.25:1,() 


the secondary winding delivers about 
250VAC to the piezoelectric trans- 
ducer at between 19kHz and 42kHz. 





° 
( 


@; 


Mosfets Q1 and Q2 include over-(9 


voltage protection which 
clamp any drain voltage that 
exceeds 60V. This clamping 
is required since a high-volt- 
age transient occurs when the 
transformer primary winding 
is switched off. Protection 


diodes. Although the Mosfet 
Za 


fe siliconehip. com.au 
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for the gate of each Mosfet, Or 
is provided using 5.1V zener ~ 





oO 





gate is only driven from a 5V signal, 
the high transient voltage at the drain 
can be coupled into the gate via capaci- 
“tance between gate and drain. The 5.1V 
zener diodes prevent a higher voltage 
driving IC1’s GPO and GP1 inputs 
which could damage them. 

, Further protection is provided for 

»GPO and GP1 using diodes D1 and D2, 


* which are in parallel with the chip’s in- 


9 


) 


co ) 


ternal protection diodes. These clamp 
and carry the current if the voltage at 
,these pins goes above about 5.3V. 


Running indication 

LED2 indicates when the Mosfets 
are switching on and off. When Q1 
is switched on, diode D6 can power 
LED2 via the 2.2kQ resistor from the 


012V supply. When Q2 is switched 


° 


on the LED is driven via D5. When 
both Q1 and Q2 are off, the LED is 


, not driven. 


an 
) 
{ 


oO 
y 


When either Q1 or Q2 are switched 
off, the high voltage from the trans- 


) former primary winding at the Mos- 


fets’ drain can couple through diodes 
D5 or D6 due to capacitance. Diode D7 
clamps the voltage to 0.7V above the 
12V supply to protect LED2. 


‘Timer 
IC1 also performs the timer func- 
tion. This switches off all drive to the 


Mosfets after a preset time period, 
set by the position of potentiome- 


O©?,ter VR1. VR1 is wired across the 5V 


supply with the voltage at the wiper 
cmonitored by IC1 at the AN2 (pin 5) 


° oinput. IC1 converts the voltage into a 


-Q 


(0) 


od 


° 


2} 
Oo 


_O 


¢4, digital value which is used as a basis 


for the timeout. 

The maximum timeout of 10 min- 
utes is set with the wiper of VR1 at 
5V, with shorter timeouts as VR1 is 
reduced. The lowest practical setting is 


-about 30s. When the potentiometer is 


set to its minimum position, the timer 
will not run and the Mosfets are kept 
° .off. If the potentiometer is rotated to 
_this minimum position during the run- 
“ning of the timer, the timer will also be 
switched off, turning off the Mosfets. 
Starting the ultrasonic drive is 
initiated by pressing the start switch. 
Normally, the GP3 input (pin 4) is 
held at 5V via a 22kQ pull up resistor. 


When the switch is pressed, this input 


lo 


is pulled to OV and signals IC1 to run 
“the ultrasonic drive. 
When S11 is released, the 10uF ca- 


° pacitor across the switch charges up 
(to 5V via the 22kQ resistor. Diode D4 


O 


fe) ° 
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OPTIONAL 

SWITCH $2 

(CUT TRACK 
UNDERNEATH 
IF USED) 
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TO ‘ 
ULTRASONIC 
TIMER TRANSDUCER 


vr 


Fig.3: component overlay for the Ultrasonic Cleaner. All components (except the 
start button, timer pot and transducer!) are mounted on a single-sided PC board. 


If an on/off switch is required, the copper track must be cut between the S2 pins. ° 


discharges the capacitor when power 
is switched off and the 5V supply rail 
drops to OV. 

5V power for IC1 is derived from the 
12V supply via a 1002 resistor, reverse 
polarity protection diode D3 and 5V 
regulator, REG1. The supply to REG1 is 
filtered with a 100uF capacitor, while 
the 5V output is bypassed using 100nF 
and 100uF capacitors. 


Reverse polarity protection for the —’ 


power section of the circuit is via a> 
3A fuse (F1), along with the integral 
reverse diode within each of Mosfets.>- 
These diodes conduct current through 


the primary windings of transtormet>, ; 
T1, effectively clamping the supply ‘ Os 


voltage at -0.7V, protecting the 4700uF 


29 


electrolytic capacitors from excessive (Y) 


reverse voltage. 


natant 


Ded 


The completed PC board, poady for insertion into dee case. The on- heard power 
switch (S2) is not used here - the two PC pin holes (top left) are empty and the 


thin copper track underneath is intact. 
. 2 () a = 
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The ae ec appearing the <qeres — 


Z ‘as it is swept over a range of frequencies. In this case it is 


shown at 20.8kHz. Note the high peak-peak voltage of 600V. 


The 12V 2.5A plugpack includes foldback current limit- 
ing where current at voltage below 12V is reduced from its 


‘maximum rating of 2.5A. With a short circuit the current 


limit is around 0.5A. The fuse is unlikely to blow and power 


» dissipation in the Mosfets is around 0.35W total. This does 


not cause any harm to the Mosfets, the transformer or the 


© Capacitors. 


The fuse is included to prevent the PC board tracks from 
fusing should the transformer be wound incorrectly or if 


_one of the Mosfets fails as a short circuit. 


Power-on indication is via LED1, powered via a 2.2kQ 


’ ‘resistor from the 12V supply. 


° Construction 


The Ultrasonic Cleaner is constructed on a PC board 
coded 04208101, measuring 104 x 78mm. It is mounted 
in an IP65 ABS box with clear lid, measuring 115 x 90 x 
55mm. The clear lid allows the power and running LEDs 
to be seen without having to drill extra holes. 

The PC board is designed to mount onto the mounting 
bushes within the box. Make sure the PC board is shaped 
to the correct outline so it fits into the box. It can be filed 
to shape if necessary using the PC board outline shape as 
a guide. 

Begin construction by checking the PC board for breaks 
in tracks or shorts between tracks and pads. Repair if neces- 
sary. Check the hole sizes are correct for each component 


» to fit neatly. The screw terminal holes and transformer 


pin holes are 1.25mm in diameter compared to the 0.9mm 
holes for the ICs, resistors and diodes. Larger holes again 
are used for the DC socket and fuse clips. 

Normally, power can be switched on and off by switching 
the plugpack at the power point. However, if you prefer to 
have a separate switch for the Ultrasonic Cleaner, we have 
provided the option to include a power on and off switch 


(S2) that is wired between two PC stakes on the PC board. 


If you are not using the switch then the PC stakes do not 


‘need to be installed. If you are using a switch, then the PC 
~ stakes are installed and the thinned track between the PC 


stakes is broken using hobby knife. PC stakes are required 
to be installed for the three connection points for VR1. 
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Frag ):No edges eka ): 900V RMS(1): 128. a Bee nena 


Taken at a ie sweep = this aaa cae shows ee 
transducer driven with bursts of different frequencies. In 
this case the maximum peak-peak voltage is 900V. Danger!! 


® 


FIRST WIND THE SECONDARY, 5 
USING 0.25mm ENAMELLED 
COPPER WIRE: TWO 45-TURN 
LAYERS, STARTING FROM PIN 4 
AND ENDING AT PIN 3. 








45 TURNS 
45 TURNS 


INSULATING TAPE OVER 
EACH LAYER. 





ETD29 FORMER 
UNDERSIDE (PIN SIDE) VIEW 


@ 


THEN WIND THE PRIMARIES, 
USING 14 x 0.20mm OR 
14 x 0.18mm FIGURE-8 
CABLE — BIFILAR WINDING. 
TWO LAYERS OF 4 x 2 TURNS 
(I.E., 8 TURNS EACH WINDING) 
ONE WINDING STARTS FROM 


4x2 TURNS 
4x2 TURNS 


OTHER WINDING STARTS FROM 
PIN 10 AND ENDS AT PIN 7 
(WHICH IS ALSO S1 PIN). 





Fig.4: winding details for the on-board transformer, T1. 
The secondaries are conventional enamelled copper 
wire while the primaries are wound with figure-8 wire. 


Assembly can begin by the inserting the resistors. When 
inserting the resistors, use the resistor colour code table to 
help in reading the resistor values. A digital multimeter 
can also be used to measure each value. The diodes can 


now be installed, with the orientation as shown. Note that 
there are four different diode types: 1N5819’s for D1 and 


D2, 1N4004 for D3 and 1N4148’s for D4-D7. It’s probably 
safest to install D4-D7 first, being all the same type. 

IC1 is mounted on a DIP8 socket, with the notch po- 
sitioned as shown. Install the socket now but leave IC1 
until last. 

The crystal (X1), the DC socket and the two 2-way screw 


terminals can be installed next, with the screw terminals 
oriented with the opening toward the outside edge of the’ ° 


PC board. a and a are mounted so that their metal tabs 


- se ° 
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face the transformer and are about 25mm 
above the PC board. REG1 can also be 
mounted now. None of these components 
require heatsinks. 

The LEDs are mounted with the top 
of each LED 30mm above the PC board. 
Again, take care with orientation: the 
anode has the longer lead. Capacitors can 
be mounted next ensuring the electrolytic 
types are oriented correctly. The two main 
supply electrolytics (4700UF/16V) must 
be low ESR types. 


Winding the transformer 

Fig.4 shows the transformer winding 
details. The primary winding uses stand- 
ard polarity-marked figure-8 wire, either 
14 x 0.20mm or 14 x 0.18mm, wound in 
two layers. The secondary uses 0.25mm 
enamelled copper wire wound in two lay- 
ers with a layer of insulation tape between 
the first and second layers. 

Start by winding the secondary wind- 
ing. First, remove the enamel from the 
one end of the 0.25mm enamelled cop- 
per wire (use some fine emery paper or a 
hobby knife to scrape it off). Pre-tin the 
wire end and wrap it around pin 4 on the 
underside of the transformer bobbin and 
solder close to the bobbin. Now close- 
wind 45 turns (ie, side-by-side) until the 
windings reach the opposite end of the 
former. The direction of winding does not 
matter. Cover the windings in a layer of 
insulation tape. 

Continue winding back over the first 
layer, in the same direction as before (ie 
clockwise or anticlockwise) to complete 
90 turns. Terminate the wire onto termi- 
nal 3 in the same way as was done for 
terminal 4. 

The primary winding, made from the 
figure-8 cable, is first stripped of insula- 
tion at about 10mm from the ends and the 
two wires are soldered close to the bobbin 
at pin 7 and pin 10. Place the wire with 
the polarity stripe to pin 7. Now wind 
on four turns making sure the wire lies 
flat without twisting so the striped wire 
stays to the left. 

The four turns should fully fill the bob- 
bin and the next four turns will be on the 
next layer (there’s no need for insulation 
tape between them). Terminate the striped 
wire end onto pin 12 and the other wire 
to pin 7. 

Once wound, slide the cores into the 
former and secure with the clips. These 
clips push on to the core ends and clip 
into lugs on the side of the bobbin. The 
transformer can be installed into the 
PC board holes and soldered in place. 
Install T1 on the PC board noting that 
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Parts List — Ultrasonic Cleaner 


1 PC board 104 x 78mm, coded 04208101 

1 IP65 ABS box with clear lid, 115 x 90 x 55mm (Jaycar HB6246 or equivalent) 
1 panel label 84 x 80mm 

1 12V 2.5A plugpack 

1 50W Ultrasonic transducer with 40kHz resonance. Type 09020180 (Jaycar) 
1 65mm PVC DWV (Drain, Waste and Vent) end cap 

165mm PVC pipe 40mm long to suit end cap 

1 ETD29 transformer with 2 x 3C85 cores a 13-pin former and 2 retaining clips (11), 
1 2.5mm PC mount DC socket (CON1) 

1 SPST momentary closed panel switch (S1) 

1 SPDT toggle switch (S2) (optional) 

1 3A M205 fuse (F1) 

2 M205 fuse clips 

2 2-way screw terminals (CON2,CON3) 

1 DIP8 IC socket for IC1 

1 knob to suit VR1 

2 cables gland for 6mm cable 

1 20MHz crystal (X1) 

3 PC stakes (for VR1 terminals on PC board) 

2 PC stakes (optional for S2) 

2 solder lugs (Ultrasonic Transducer terminals) 

2 M4 x 10mm screws (Ultrasonic Transducer solder lugs) 

2 M4 nuts (Ultrasonic Transducer solder lugs) 

2 4mm star washers (Ultrasonic Transducer solder lugs) 

4 M3 x 6mm screws (PC board to case) 

1m twin core mains flex (Ultrasonic Transducer lead) 

1 300mm length of 14 x 0.20mm or 14 x 0.18mm fig-8 wire (primary T1) 

1 3m length of 0.25mm enamelled copper wire (Secondary T1) 


1 300mm length of black hookup wire (S1 and VR1) 

1 50mm length of red hookup wire (VR1) 

1 50mm length of blue hookup wire (VR1) 

1 100mm length of yellow hookup wire (optional for S2) 

1 240mm length of 2mm heatshrink tubing (VR1 and PC stakes and S1 terminals) 
1 40mm length of 5mm heatshrink tubing (Ultrasonic transducer terminals) 

1 40mm length of 5mm black heatshrink tubing (LED1,LED2 covering) 


Semiconductors 

1 PIC12F675-I/P programmed with 0420810A (IC1) 
1 78L05 5V regulator (REG1) 

2 RFP30NO6LE 30A 60V Logic level Mosfets (Q1,Q2) 
2 1N4733 5.1V 1W zener diodes (ZD1,ZD2) 

1 1N4004 1A diode (D3) 

4 1N4148 switching diodes (D4-D7) 

2 1N5819 1A Schottky diodes (D1,D2) 

2 3mm LEDs (LED1,LED2) 


Capacitors 

2 4700uF 16V low ESR 
2 100uF 16V 

1 10uF 16V 

2 100nF MKT polyester 
2 22pF ceramic 


Resistors (0.25W 1%) 
1 22kQ 110kQ) = 22.2kQ 
1 10kQ linear pot with knob (VR1) 


Miscellaneous 
Neutral cure silicone sealant suitable for wet areas (eg roof and gutter sealant) 
Epoxy resin (eg. J-B Weld) 


11002 2100 
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This scope waveform shows the cleaner in continuous 
mode whereby it is swept over a small range of frequencies 
centred around 40kHz. 
O 
the primary side has seven pins and the secondary side 
has six pins. 
That completes the PC board assembly. 


, The case 


Cut the potentiometer shaft so that it is 12mm long or to 
suit the knob used. The front panel label shows the position- 
ing for the start switch and the potentiometer that mount 
onto the lid. The front panel label can be downloaded from 

_our website as a .PDF file. 
You can print it out onto paper or clear overhead projector 








C 


O . Here’s how it goes together in the case. Only the timer pot 

2Q, © (VR41) and the start switch (S1) are mounted on the lid of the 

‘ case, which is translucent to allow the LEDs to shine through. 
O°. @&° . SILICON GHIP Jon . ry 


Taken at a low sweep speed, this shows that transducer 
drive is continuous rather than being pulsed at different 
frequencies. 


film. Mark out and drill the holes in the clear lid. 

The label is mounted inside the lid to protect it. Cut the 
holes out for the switch and potentiometer using a hobby _ 
knife, then attach it to the lid using clear tape, spray ad- 
hesive or clear silicone sealant. 

The switch and potentiometer are wired as shown using 
hookup wire and heatshrink tubing over the soldered ter- 
minations. The heatshrink tubing helps prevent the wires 
from breaking off the terminals. Note that the switch is best 
attached to the lid before connecting the wires to the PC 
board. The potentiometer can be wired while it is off the 
lid and attached after wiring. 

So that light only shines through the lid where the power” 
and running indications are located on the front panel label, 
the two LEDs are fitted with short “light tubes”. 

We used approx. 20mm lengths of 5mm tubing and tem-;3 
porarily inserted the DC plug from the 12V plugpack into 
one end of the tubing to about 4mm inside the tube end., ° 
This acted as a heat shrink tubing former. Then the other’ 
end of the heat shrink tube was placed over the LED and 
the tubing was shrunk down using a heat gun. The DC plug « 
was removed after the tubing had cooled leaving a round © 
tube shape above the LED. Without the DC plug inserted 
first, the tube would shrink up too tightly. 

Holes are required in the ends of the box for the power 
connector and for the cable gland for the lead to the ul- 
trasonic transducer. The power connector hole is 8mm in) 
diameter and is located 31mm to the right of the outside left 
box edge and 16mm up from the outside base of the box. 

The 12mm cable gland hole is located on the opposite end 
of the box, 27mm up from the base edge and in the centre. 

The 12V 2.5A plugpack is supplied with several con-— 
nectors. Choose the concentric connector that fits into the 
DC socket. Attach this connector to the DC plugpack lead 
with the + marking on the connector plug to the + marking 
on the connector socket. With the plug removed from the 
DC socket check that there is 12V at the connector plug 
and that the centre hole is the + terminal and the outside 
is the — terminal. 


If polarity is not correct, check the orientation of the ° «, 


a 


connector connection to the plugpack lead. 
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The transducer “potted” into some PVC plumbing fittings 
__~ with silicone sealant, ready for attachment to a suitable 
© cleaning tank. Make sure the terminals are covered! 


.¢, Plug the DC connector into the DC socket and check that 
_ there is 5V between pins 1 and 8 on the IC1 socket. Pin 
' 1 should be +5 compared to pin 8. The voltage may vary 

“© from exactly 5V and could be any voltage between 4.85 and 

5.15V. Typically the voltage will be closer to 5V. 

ie If the voltage is correct, power can be switched off and 
1C1 inserted taking care to match its notch with the notch 

in the socket. 


¢ 


‘Piezoelectric transducer 

o . Note that the voltage across the terminals of the piezo- 

’ “electric transducer can be up to 900V peak to peak or so (see 
scope waveforms) — so avoid contact with these terminals 
when the driver is running. 

C, Use 2-core sheathed mains cord for wiring to the ultra- 
sonic transducer. The wire terminates onto solder lugs 
cand is covered with heat shrink tubing. The terminals are 

° osecured to the ultrasonic transducer terminals using an M4 

( ‘screw, star washer and M4 nut for each. These terminals 
on the transducer are exposed and need to be protected 

° within a housing to prevent contact. 

A suitable housing is made up using 65mm PVC DWV 
(Drain, Waste and Vent) fittings. As mentioned, the Ultra- 
‘sonic transducer can be directly inserted into a bath if the 

» of transducer is raised sufficiently so that the lower 5mm of 
the transducer is immersed in the fluid. A typical housing 
is shown in the photo on page 58. 

Alternatively, the transducer can be secured to the outside 
of a “bath” using epoxy resin as shown above. We used an 
“end cap anda 40mm length of pipe to house the transducer. 


° 
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RESISTOR COLOUR CODES 








No. Value 4-Band Code (1%) 
' LO) 1 22kQ red red orange brown 
0 O14 10kQ brown black orange brown 
: TL) 2 2.2kQ — red red red brown 
° O 1 1000 brown black brown brown 
“aq ot 2 102 brown black black brown 
yo ; “© o 
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5-Band Code (1%) 

red red black red brown 

brown black black red brown 
red red black brown brown 
brown black black black brown 
brown black black gold brown 
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Keeping the plumbing theme going(!), here’s our cleaning Cy 

tank: an old cistern, with holes suitably plugged, with the 

smooth face of the transducer glued directly to the outside of ° ~ ° 

the case using J-B Weld. You could use just about any metal ° ~ 

or plastic leakproof container as*a tank. Ours works a treat! © 
108 

The wire entry is via a cord grip grommet that secures to in ‘ 
the end cap so that the wires cannot be pulled out to leave QQ 
exposed live wires. Shape the cord grip grommet hole so) 4 » 
that it is captured correctly within the end cap and holds» « 
the wire securely. The twin core sheathed cable we used 
was not held securely with the cord grip grommet and so 
we looped the cable in an ‘S’ shape so that three layersof 
the wire are captured in the grommet. O. 

The transducer should be mounted within the enclosure . °o 
using neutral cure silicone sealant (such as roof and gutter (1) 
sealant). The lower section of the transducer should be kept 
free from the sealant. This is so that the transducer can more 2 | 
effectively couple to the liquid in the bath either directly or 
when secured to the outside of the bath with epoxy resin.) . 
Make sure the electrical terminals are covered with silicone ej” 
to provide insulation and prevent accidental contact. © 

To make connection between the ultrasonic driver and ° ° © 
the PC board, it’s easiest before the board is mounted ine » 
the box. Ensure power is off and pass the 2-core sheathed 
mains cord through the cable gland locking nut, the cable -o 
gland itself (which means it goes through the box) and o3 
carefully connect the two wires to the output terminals. , 
Make absolutely sure there are no strands of copper wire. 
emerging from the terminals — and most importantly short-~ 
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Capacitor Codes 
Value uF Value IEC Code EIA Code 
100nF 0.1F 100n 104 
22pF NA 22p 
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ing between the terminals. 
? Install the Ultrasonic Cleaner PC board into the box and 
y secure in place with the four M3 screws. Pull the 2-core 
9 mains cable through the cable gland so it has a just little 
°°, slack inside the box and secure the cable with the locking 

“nut on the gland. 


The bath 


When the Ultrasonic transducer is directly inserted 
eo into the bath, the bath can be made of almost any suitable 
material ranging from plastics through to glass and metal. 
“ ‘ For external attachment of the Ultrasonic transducer, 
© the bath can be made from stainless steel, aluminium or 
a: _plastic that couples the ultrasonic vibration through into 
ye Q “the fluid. Thinner materials couple the ultrasonics with 
. less loss. Ideally the bath should have a flat side or base 
° where the transducer can be attached. The material also 
“needs to be compatible with the epoxy resin used to glue 
the transducer to the bath. Metals are the most compatible 
-e (material. 
*. () ° Larger sized baths with more liquid will have a lesser 
Cc. ° Ocleaning effect than smaller containers with less fluid. 
oA 200mm diameter or smaller cylindrical container or a 
. . similar sized rectangular bath size could be used with up to 
‘one litre of fluid in the bath. This is ideal for the ultrasonic 
sensor and driver. Alternatively a stainless steel kitchen 
, oe sink can be pressed into service. 
The fluid used in the bath can be water with a few drops 
» oof detergent as a wetting agent. Other fluids that can be 
6 used include methylated spirits. Cleaning effectiveness is 
greatly enhanced when the fluid is warmed. 
Normal operation of the Ultrasonic Cleaner is where the 
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frequency is cycled over the 19kHz to 42kHz range. Firstly, 
set the timer as shown on the front panel label for up to 
10m. Pressing the start switch begins the cleaning cycle. The 
cleaning can be stopped at any time by rotating the timer 
potentiometer fully anticlockwise or switching off power. 
Power is indicated with an LED, while cleaning operation 
is shown with a second LED. The running operation will 
show the LED with a small amount of flickering. 

For stubborn hard to clean components, you can set the 
driver mode to the alternative setting. To do this switch 
off power and wait until the power LED is out. Then press” 
the start switch and apply power. Hold the switch for a 
couple of seconds and then release the switch. This sets — 
the alternative driver cycle that centres about 40kHz. Note 
that it is recommended that this alternative mode be only 
used intermittently and for less than a few minutes since 
the Mosfet and transformer run hot during this cycle. t 

To return to the normal mode, firstly switch off power ‘ 
and wait again until the power LED is out. Then press the 
start switch and apply power. Hold the switch fora couple , 
of seconds and then release the switch. This will return” 
the cleaner to the normal driver cycle. 

So how can you identify which cycle is running? The 
setting when the Ultrasonic Cleaner is first built is the _ 
normal cycle. For this cycle, the running LED will flicker ~ 
on and off and the transducer will emit its own distinc- 
tive audible sound. And yes the transducer is ultrasonic’ 
but some sound is heard as the transducer is swept over” 
frequency. Sub harmonics and the frequency modulation 
are audible. For the alternative cycle, the running LED will 
be virtually flicker-free and the audible sound will differ 
from the normal cycle mode. SC 


Why is Ultrasonic Cleaning effective? 


A component that has contaminants on its outside layer can be cleaned by physical ae P 
removal of the contaminants or by dissolving the contaminant. Which process works 
depends upon the contaminant. 

For example solids are more effectively removed by physical means whereas oils are 
'° | better removed by dissolving in solution. Sometimes a combination of physical dislodging 

and chemical dissolving of contaminants is necessary to remove various combinations 
a. } of contaminants. 
Ultrasonic energy improves both the dissolving and physical removal of the contaminant. 
Where ultrasonics is used as an aid in the dissolving process can be seen in the Figures 
° | from Fig.6 to Fig.8. Fig.6 shows a component that has a contaminant adhered to its surface 
that is placed in a cleaning fluid solution. 

As the cleaning fluid begins to dissolve the contaminant, it becomes saturated with the 

O contaminant and so it loses its effectiveness in cleaning. This is seen in Fig.7. 
3 However, as shown in Fig.8, when ultrasonic excitation is included in the cleaning process, 
| the saturated cleaning fluid is displaced allowing fresh cleaning fluid to come into contact 
with the contaminant to dissolve it. As shown, the component surface is a flat edge that 
could be cleaned with a mechanical method other than ultrasonics. For irregular and internal 
surfaces on a component, ultrasonics is very effective because it can reach where other 
mechanical removal means is impossible to gain access to the contaminated surfaces. 
vs Where the contaminant comprises solids that are not dissolved by the cleaning fluid, 
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° 4 | ultrasonics also aids in removing these particles from the component surface. However, O 
O° the cleaning fluid must wet the particles so that this fluid can then carry the particle away 
yy se from the component surface. 
A 4 The ultrasonics assists in the removal of the particle from the component and in the ar 
ct es motion of the cleaning fluid as it carries the contaminant away from the component site. A 
©, | Itis also possible that ultrasonics may increase the rate of chemical action in the dissolv-  caymtation saTurateD | “°. 
Qa © | ing of contaminants. BUBBLES CLEANING FLUID} © 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


Check inductors with 


this simple Q meter 

While LCR meters are readily 
available at reasonable cost, they do 
not measure the Q of an inductor. 
This circuit enables you to measure 
the Q of inductors with the aid of an 
RF signal generator. 

A capacitor is connected in paral- 
lel with the inductor to form a tuned 
circuit. By varying the frequency, 
you can measure the resonance fre- 
quency of the tuned circuit and its 
-3dB bandwidth. The Q is then the 
resonance frequency divided by the 
-3dB bandwidth. 

Transistor Q1 is an emitter fol- 
lower acting as input buffer to drive 
RF transformer T1. The second- 
ary winding of T1 then drives the 
parallel tuned circuit formed by 
the inductor under test (Lx), T1’s 
secondary and tuning capacitor Vc. 

The tuned circuit so formed is 
buffered by JFET Q2 and transistor 
Q3 which form a cascode stage with 
about 3dB of gain. The JFET provides 
a high impedance so that the loading 
of the tuned circuit is minimal (note: 
an MPF 102 can be substituted if you 
cannot obtain a 2N5485). 

The RF output from Q2's collector 
can be monitored by an oscilloscope 
to easily find the point of resonance 
and read the frequency. Alterna- 
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tively, the RF output can be read by 
an external frequency meter. 

Diodes D1 & D2 and the 5.6nF 
capacitors form a voltage doubler 
rectifier to drive a 100A DC meter 
so that the resonance can be found 
(in the absence of an oscilloscope). 

Trimpot VR1 provides a sensitiv- 
ity adjustment for the meter. 

Transformer T1 is wound on a 
12mm diameter ferrite toroid core. 
The primary winding consists of 50 
turns of 0.2mm diameter enamelled 
copper wire, while the secondary 
is a single turn consisting of a strip 
of brass 0.5mm thick and 2.5mm 
wide bent into a horseshoe shape 
and threaded through the centre of 
the toroid. Vc is a small AM tuning 
capacitor with both gangs connected 
in parallel. 

To measure Q, the output of the RF 
signal generator should be around 
0.5V peak. Adjust the frequency 
until the meter's reading peaks, 
then adjust VR1 so that the meter 
reads full scale (100nA). Read the 
resonance frequency Fg from the 
frequency scale of the signal genera- 
tor or better still, the reading on a 
frequency meter. 

Next, increase the signal frequen- 
cy until the meter reads 70HA and 


note this frequency as F. That done, 
reduce the frequency on the signal 
generator below the resonance fre- 
quency until the meter again reads 
70yA and note this frequency as F}. 
The Q can now be calculated as: 

Q = FoMF2 - Fy) 

While using a variable tuning 
capacitor will enable a wider range 
of inductors to be tested, the main 
advantage is estimating the distrib- 
uted capacitance of the inductor as 
well. To do this, you have to calibrate 
the tuning scale with a capacitance 
meter, by measuring the capacitance 
across the tuning capacitor with no 
inductor connected. This is done 
with the unit switched off. Mark- 
ing off increments of 20pF should 
be sufficient. 

Set the tuning capacitor to say 4 
of its maximum value and note this 
value as C1. Adjust the RF signal 
generator frequency so that the in- 
ductor under test is at resonance and 
note this frequency as Fy. Now set 
the RF generator frequency to half 
Fo, adjust the tuning capacitor until 
resonance and note this capacitance 
as Cy. The distributed capacitance of 
the inductor is (Cy - 4C;)/3. 

Alex Sum, 

Eastwood, NSW. ($45) 
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Adding protection diodes to 
positive/negative regulator circuits 


With any regulated split power 
supply (ie, one with positive and 
negative voltage outputs), it's good 
practice to add diodes between both 
outputs and ground, orientated so 
that they are reverse-biased during 
normal operation. 

These diodes are necessary be- 
cause without them, the positive 
output can be pulled below ground 
by the negative regulator (or vice 
versa) via the load or output ca- 
pacitors. Depending on the specific 
regulators used, this can result in a 


DC motor 
speed sensing 


All DC motors with commutators 
have a current which fluctuates due 
to the intermittent contact of the 
brushes and commutator segments. 
This fluctuation is greater for motors 
with a small number of segments 
and smaller for commutators with 
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“Jatch-up” condition whereby one 
regulator cannot start, so only one 
output voltage rail is present. 
Typically, this will mean that the 
negative regulated output is present 
but the positive rail is not operative. 
The above diagram shows the 
Ultra-LD Preamplifier power supply 
(SILICON CHIP, November 2001-Janu- 
ary 2002) with these diodes added, 
to fix this oversight in the original 
design. The original circuit works 
with National Semiconductor LM- 
7815 and LM7915 regulators but 


SQUARE 
WAVE 
PULSES TO 
COUNTER 


a larger number of segments. Either 
way, the frequency of the current 
fluctuation is directly proportional 
to the motor speed. This circuit 
monitors the AC component of the 
motor current which is sensed by a 
0.1Q 5W resistor. 





problems can occur if an ST Micro 
or other branded 7815 is used. The 
ST Micro regulator will not start if 
its output is pulled below -0.7V. 

This can easily happen when the 
unregulated DC inputs come from 
half-wave rectifiers (as in the case 
of the Ultra-LD preamp). Depend- 
ing on when power is applied, one 
regulator can turn on fully before 
the other one is properly powered 
up from its DC input. When that 
happens, the “victim” regulator, if 
we can Call it that, has its output 
pulled below (or above) ground and 
this brings the short-circuit protec- 
tion into operation. 

The diodes prevent this latch- 
up condition by conducting and 
preventing the “victim” output 
from going any more than 0.7V 
(one diode drop) beyond ground. 
They can be soldered to the rear of 
the Ultra-LD preamplifier board. 
If this board has already been in- 
stalled, they can be carefully added 
without removing it from the case. 

Note, however that they are not 
really necessary unless the ampli- 
fier sometimes fails to operate when 
switched on. 

Nicholas Vinen, 

SILICON CHIP. 


The circuit consists of two com- 
mon-emitter gain stages to amplify 
the AC signal from the sensing re- 
sistor to the point where it can be 
read by a frequency counter. Both 
transistor stages are AC-coupled so 
that they are not affected by the DC 
voltage across the sensing resistor. 

This circuit was used to sense the 
speed of a standard 12V windscreen 
wiper motor. The value and power 
rating of the sensing resistor may 
need to be altered to suit higher or 
lower powered motors. Note also 
that the circuit may not work well 
if the motor is powered from a 
switchmode power supply which 
has significant hash superimposed 
on its output. 

If the output signal is to be moni- 
tored by a microprocessor, it should 
be clipped to a safe level by diodes 
or a suitable zener diode. 

Gerard La Rooy, 

Christchurch, NZ. ($40) 
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SCR circuits based on 


discrete transistors 


While high-power SCRs are rela- 
tively easy to obtain, low power and 
sensitive gate SCRs can now be quite 
difficult to find. The same comment 
applies to opto SCRs and gate-turn 
off SCRs. However, it is possible to 
obtain SCR functions by intercon- 
necting low power NPN and PNP 
transistors as shown in Fig.1. 

This configuration is shown in 
a conventional SCR circuit which 
has standard gate triggering. This 


Available Aust only. Price: $A14.95 plus $10.00 p&p per order (includes GST). Just fill in and mail the handy 
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PHOTO 
TRANSISTOR 


% PHOTO 
TRANSISTOR 


SCR — TRIGGER 
LEAD OF 


can also provide a gate turn-off 
function with the addition of the 
switch shown in Fig.3. Gate turn-off 
is normally only available in some 
high power SCRs. 

By substituting a phototransistor 
for the NPN device, you can produce 
a light activated SCR or LASCR 
(Fig.4) which are now unavailable. 
When the LASCR is illuminated, it 
turns on and will stay on. 

It could be used in the flash trig- 
ger circuit shown in Fig.5, provided 
that the flash trigger is a low voltage 
arrangement (eg, 6V). 





Other examples 
of light-triggered 
SCR circuits are 
shown in the re- 
maining circuits, 
with the example of 
Fig.10 being suitable 
where the flash trigger is a high 
voltage. 

The maximum “SCR” current 
is limited by the transistor base- 
emitter rating, in these cases to 
100mA. 

A. J. Lowe, 

Bardon, Qld. 
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CONTROL 
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PROGRAMMING 
SOCKET 


ONE = LED1 

TWO = LED2 & LED 3 

THREE = LED1, LED2 & LED3 

FOUR = LED2, LED3, LED6 & LED7 

FIVE = LED1, LED2, LED3, LED6 & LED7 

SIX = LED2, LED3, LED4, LED5, LED6 & LED7 


Playing dice games 
with a PICAXE08M 


This circuit enables you to play 
three separate dice games. It’s quite 
straightforward and is based on a 
PICAXE08M microprocessor and 
its associated programming socket, 
a single pushbutton switch, seven 
LEDs arranged in a matrix to provide 
a dice display, a speaker, a power 
switch and a 6V battery. 

Diodes D1 & D2 are included to 
reduce the voltage on the PICAXE to 
4.8V while still allowing the series- 
connected LEDs to run from the full 
6V supply. The voltage drop across 
the LEDs will prevent the higher 
voltage reaching the PICAXE output 
pins and causing damage. 

A table on the circuit diagram 
indicates which LEDs are driven 








ED2@ @ E07 
LED1 
LEDA@ @ @iEDS5 


DI, a 1N4004 


ON/OFF 


BC327, BC337 











LEDé @ @ D3 


for each dice number. Up to three 
PICAXE outputs are needed to dis- 
play the larger numbers. 

There are three separate dice 
games in the program listing: Stand- 
ard Dice, Musical Dice and Rolling 
Dice. Each game features sound 
and music and also the ability for 
the dice to automatically roll. You 
must choose a game each time the 
power is switched on. The centre 
will show one LED, then two LEDs, 
then three LEDs and the sequence 
will be repeated. You select the game 
to be played by pressing the button to 
match the number of LEDs turned on 
to the number of the game required. 

Standard Dice displays a random 
number between one and six each 
time you press the button. The only 
sound in this game is a beep each 
time the button is pressed. 


Cinjoyoysle volume 


There are now five great reasons to 
send in your circuit idea for publication 
in Siticon CHip. We pay for each item 
published or better still, the best item in 
mO@iicolian (e)(=lelele) aa -t-(e gman aM Reali) 
the author to choose one of four prizes: 
(1) an LCR40 LCR meter, (2) a DCA55 
rSY-1aal ove) ale [U(eq(o) a @xe)aalee)ar=\al@avar<l\\s1-1 0m (6) 
an ESR60 Equivalent Series Resistance 
Analyser or (4) an SCR100 Thyristor & 
Triac Analyser, with the compliments of 
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Peak Electronic Design Ltd. See their 
website at 

So now you have even more reasons 
to send that brilliant circuit in. Send it to 


ld 





A 


Musical Dice is the same as above 
except that each time a six is thrown, 
you hear music playing. After the 
music (from the Batman Movie) 
is finished playing, the program 
will pause and the display will 
be blanked and will wait for the 
pushbutton to be pressed to restart 
the game. Musical dice can be used 
in a “pass the parcel style” party 
game where the parcel is passed 
from child to child — with each child 
pressing the pushbutton before pass- 
ing the parcel on until the music 
is heard and the child holding the 
parcel wins a small gift. 

Rolling Dice adds more variation 
in that the dice throws are now 
automatic and do not depend on 
the pushbutton being pressed; the 
pushbutton is only needed after the 
music stops to restart the game. 


SILICON CHIP and you could be a winner. 
You can either email your idea to 


or post it to 


PO Box 139, Collaroy, NSW 2097. 
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Random playback trigger 
for the Voice Recorder 


This circuit will provide for random play- 
back of one of eight messages from the SILICON 
CHIP Voice Recorder (December 2007) each 
time a pushbutton is pressed. It comprises two 
monostable pulse generators, based on transis- 
tor pairs Q1 & Q2 and Q3 & Q4. Pressing the 
pushbutton initiates both monostables which 
each produce a single high output pulse. 

The monostable based on Q1 & Q2 produces a 
300ms pulse which enables an oscillator based 
on 555 timer IC1, running at about 1.2kHz. 
This clocks counter IC2. At the same time, the 
300ms pulse is fed to the enable input on the 
Voice Recorder. 

IC2 counts for the duration of the clock input 
and one of the eight outputs will then go high 
and stay that way until the clock is retriggered. 
This high is buffered by the associated section 
of a 4049 quad inverter (IC3 & IC4) and the 
resulting low signal is used to trigger the ap- 
propriate input on the Voice Recorder. 

The second monostable (Q3 & Q4) is con- 
figured for a high pulse of about 800ms and is 
connected to the eight outputs of IC2 via D1-D8. 
During the monostable pulse, both ends of the 
diodes are high and the Voice Recorder can be 
activated. About 500ms after the count stops, 


ON VOICE 
RECORDER 





Q1-Q4: BC548 


(IC3c4 AND IC4a 
INVERTERS NOT SHOWN) 
D1-D8: 1N4148 





the monostable output returns to low and takes 
all the outputs of the 4017 low. The inputs 
to the Voice Recorder thus go high again and 
playback does not repeat until it is re-triggered. 
Nicholas Dunand, 
Ascot Vale, Vic. ($40) 


The games are based on a random number 
generator working within a range of 0-255. This 
is divided into six bands of approximately 42 
numbers and each band is assigned one number 
on the dice face. Another variation is a Tick- 
ing Bomb Game whereby only three LEDs are 
employed and it ticks once a second. When the 
bomb goes off there is no explosion but it plays 
the Death March. 

The PICAXE “sound” command is used for 
the pushbutton beeps and the “tune” command 
for the music. All the sounds and tunes can 
be changed and at the end of the listing are 
six additional short tunes that may be used to 
provide variation. 

Note that the speaker output from IC1 at P2 
also drives LED4 & LED5 and these will flash 
when any sound is played. 

Ian Robertson, 

Engadine, NSW. ($50) 

Note: the two program listings 3dicegames_pgm. 
bas and tickingbomb_pgm.bas can be down- 
loaded from the SILICON CHIP website. 
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generator, it can produce practically any repetitive 

waveform shape with up to 256,000 distinct points. 
Generating sine, square and triangle waves is easy since 
they are pre-programmed and accessible via dedicated front 
panel buttons. The square wave has an adjustable duty 
cycle while the triangle wave has adjustable symmetry. 

It has several other wave shapes stored in ROM such 
as sawtooth, noise, cardinal sine (“sampling function” or 
“sinc”) and exponential sawtooth. User-defined waveforms 
can be stored in RAM or on a USB flash memory drive. 


B ecause the Hameg HMF2550 is an arbitrary function 
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This signal generator can deliver a 14-bit arbitrary waveform at 250 
megasamples per second, a sine or square wave up to 50MHz or a 
triangle wave up to 10MHz. It can modulate the amplitude, frequency 
or phase by another generated or external waveform. It also does Pulse 
Width Modulation (PWM), Frequency Shift Keying (FSK) and more. 







ARBITRARY FUNCTION GENERATOR HMF2550 
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They can be entered manually via the front panel (a tedi- 
ous process), saved from a computer or captured from a 
Hameg oscilloscope. 

It also has a pulse output mode which is ideal for syn- 
thesising signals compatible with digital logic inputs. 


The unit 


The HMF2550 is housed in a slim, attractive case about 
two rack units high. The control panel is uncluttered de- 
spite the many pushbuttons, some of which illuminate to 
show the current mode. The display is a 9cm colour TFT 
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LCD which is small but also bright and sharp. 

Three BNC connectors are mounted on the front panel —the 
signal output, the trigger input and the trigger output. The 
trigger output is useful for synchronising an oscilloscope or 
another signal generator. There is also a USB connector for 
connection of flash drives containing custom waveforms. 

There are four more BNC sockets on the rear panel — the 
external modulation input, the ramp output (more on this 
later), the 10MHz frequency reference output and a fre- 
quency reference input for synchronisation. There is also 
a second USB port for connection to a computer along with 
an RS-232 serial port and the mains power socket. 

Accessories supplied include the power cord, user 
manual and software CD. 


User interface 


In general the HMF2550 is easy to use. Its major modes 
are directly accessible via dedicated, illuminated buttons. 
The TFT display shows the the current generator settings 
as well as a rough depiction of the output waveform shape. 

The Sine, Square, Triangle, Pulse and Arbitrary buttons 
select the main output mode with a single press. Another 
three buttons enable Modulation, Sweep or Burst (one at 
a time). 

Central to the front panel is the sixteen-button keypad 
used to enter values (frequencies, voltages, times, etc). Value 
entry is made simple by the four unit scale buttons to the 
right of the digits. For example, to enter a frequency, you 
type a number and then press either “MHz”, “kHz”, “Hz” 
or “mHz”. This is intuitive as numbers can be entered in 
whatever scale you prefer. 

These scale buttons are labelled with other units too. So if 
a voltage is being entered, they become “V”, “mV”, “dBm” 
or “%”. For time entry they become “ns”, “ts”, “ms” or “s”. 

Alternatively, these values can all be varied by rotating 
the knob, although that is really only useful for small adjust- 
ments. Generally the knob (and the four arrows arranged 
around it) is used to select the field to be manipulated. 

The three quick access buttons above the output BNC 
socket are a nice touch, allowing the user to toggle the 
output on or off, enable or disable the output offset voltage 
or invert the output signal with a single press. 

The remainder of this unit’s functions are accessed via 
the menu button and five “soft” buttons arranged alongside 
the display, whose function changes depending upon the 
current mode. Much of the time they are used as short cuts 
to select a field to be manipulated (frequency, amplitude, 
modulation type etc). 

Unfortunately, some of the functions do not respond 
instantly to button presses. There can be delays of half a 
second or more when switching modes but simple func- 
tions such as changing the frequency or amplitude via the 
keypad are quite fast so it is generally not a major issue. 


Features 


The first extended mode is Modulation, where a second 
waveform can be used to modulate the signal. This wave- 
form can be another arbitrary waveform or supplied via 
the analog modulation input. The supported modes are 
amplitude modulation (AM), frequency modulation (FM), 
phase modulation (PM), frequency shift keying (FSK) and 
pulse width modulation (PWM). 

In each case, the amount of modulation can be adjusted. 
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Fig.1: the amplitude modulation feature in action. The 20V 


peak-peak 1MHz sine wave is being modulated by a lower 
frequency triangle wave over 100% of the amplitude range. 
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Fig.2: here the generator has the same settings as in Fig.1 
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frequency deviation to make it more obvious. 
Agilent Technologies WED APR 28 09:42:48 2010 
0.0s__5.0008/ Stop fF _ 


v Vi ia 








| 
Freq(1 ): 430Hz _| Freq(2):No edges 


‘43 Coupling Imped 
DC -  1MOhm 


| Freq(3 ):No edges 
| BW Limit | Vernier | Invert | 
! 





_ 


Fig.3: this image shows how the ramp output (blue trace) 


and trigger output (green trace) operate in sweep mode. 
The sweep is a 20Hz-20kHz sine wave at full amplitude. 


AUGUST 2010 73 














i f : HO720 Dual-interface 








USB 
H AME & HMF2550 ARBITRARY 
Instruments FUNCTION GENERATOR 
110 - arn #10% 
MODULATION 10MHz 10MHz 50 — 60 H: / \ 
INPUT a OuT REF OUT REF IN 30 Watt (iia ) 


ee 


Pee 





Instruments 


Warranty and Calibration void 
if removed or damaged 


rare 
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The rear panel has the USB and RS-232 interfaces along with modulation input, sweep output and 10MHz reference input 


and output. 


In AM mode it is specified as a percentage of the amplitude, 
in FM mode the maximum frequency deviation, in PM mode 
the maximum phase deviation, in FSK the frequency hop 
size and in PWM mode the duty cycle percentage variation. 

The second extended mode is Sweep, where the signal 
frequency smoothly changes between the start and stop 
frequency with either linear or logarithmic timing. Simul- 
taneously the ramp output sweeps linearly from OV to 5V 
(see fig.3). This can be captured by another instrument and 
used to plot the frequency response of the device under test. 

The third extended mode is Burst, which repeats the 
waveform a specified number of times in a given time in- 
terval (see fig.4). Alternatively, the signal can be “gated” 
by an external source; ie, whenever the gating signal is low 
output is disabled and when it is high the output is enabled. 

The Pulse waveform functions differ from the other 
modes. When Pulse is selected, the output level varies 
between OV and the specified voltage (say, 5V). The rise 
and fall times can be specified, as can the duty cycle. In 
this mode, only Pulse Width Modulation is possible (see 
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Fig.4: burst mode, configured for 10 repetitions of a 
1MHz sine wave every 331s. The blue trace is the trigger 
waveform. 
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fig.8). PWM can not be used in any other mode. 

As with other modulation modes, an internal or external 
signal can be used. The result is a pulse train at the speci- 
fied frequency and average duty cycle, with the duty cycle 
varying with the modulating waveform level. This could 
be useful for testing switch-mode power supplies, motor 
control circuitry, Class D amplifiers or other such devices. 


Software 


The provided software allows for simple waveforms to 
be created or edited. It loads and saves CSV (Comma Sepa- 
rated Value) files which contains the co-ordinate data for 
the waveform. The files can be loaded onto the HMF2550 
via the USB or serial interface, or by saving them onto a 
USB flash memory drive. 

However, the most likely source of arbitrary waveforms 
will be those recorded on an oscilloscope or mathematically 
generated. Since the HMF2550 accepts data in the common 
(and easy to create) CSV format, it is possible to convert 
data from many Digital Storage Oscilloscopes into a format 


WED APR 28 12:58:44 2010 
200.08/ Auto F 32.00 


Agilent Technologies 


O 500v/ g a a 34) 7.6000 








Freq(1 ): 1.000MHz 


Avg(1 ): -66mV 


‘Save to file = scope_7 I 


Save Recall Default 
=~ | | Sen _| 


Fig.5: the square wave output at 1MHz. There is some 
ringing after each transition but the rise and fall times are 
insignificant at this frequency and there is little rounding. 
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that the HMF2550 can handle using a spreadsheet program. 

The firmware can be upgraded via the USB flash drive 
interface. It is a good idea to keep the firmware up to date 
in order to take advantage of all the bug fixes and feature 
upgrades. 


Performance 


The sine wave output is visually undistorted from below 
1Hz up to 50MHz. The specified harmonic distortion level 
is <0.04% up to 100kHz. 

We made our own sine wave distortion measurements 
at maximum amplitude (20V peak-to-peak) with a 10Hz- 
500kHz measurement bandwidth and they are shown in the 
table below. In summary, our measurements are less than 
half the maximum specified distortion level. The signal to 
noise ratio under the same conditions is 92dB (unweighted). 


THD+N Ratio 


Frequency 


Signal Amplitude 
(peak-to-peak) 
19.800V 
19.924V 
19.896V 
19.670V 





100Hz 
1kHz 
10kHz 
100kHz 


0.0127% 
0.0128% 
0.0140% 
0.0180% 

















With square wave output, the rise and fall times are below 
8ns so it remains fairly rectangular up to 1MHz. Between 
1MHz and 10MHz it becomes more trapezoidal, with in- 
creasing ringing after the transitions and above 10MHz the 
signal becomes progressively more sinusoidal. 

The maximum triangle wave frequency is 10MHz but 
distortion is visible at 3MHz and becomes progressively 
more significant. 

The output voltage swing and drive strength are good 
with up to 20V peak-to-peak into light loads and 10V peak- 
to-peak into 50Q loads. 

It is possible to improve the frequency accuracy by feed- 
ing in an external 10MHz frequency source, but generally 
this is unnecessary due to the excellent temperature stabil- 
ity (+1ppm from 18°C-28°C) and excellent aging character- 
istics (t1ppm over one year) of the unit’s own reference. 
In fact the HMF2550 can be used as an accurate 10MHz 
reference clock source for other instruments. 


Conclusion 


This is a very flexible signal generator which is easy to 
set up and use. The wide range of frequencies and ampli- 
tudes, and the ease with which user-defined signals can 
be integrated means that this instrument will meet a wide 
range of needs. Overall the interface is well designed and 
intuitive, although if you press the wrong button it can 
sometimes be confusing to get back to where you were. 

The most impressive aspect is the flexibility provided by 
the modulation options. The pulse and sweep modes are 
not quite as comprehensive as they could be but in real- 
ity this device can perform all the common analog signal 
generation functions that are needed within its supported 
frequency range. 

The HMF2550 (and 25MHz HMF2525) are available from 
Rohde & Schwarz Australia. Prices range between approxi- 
mately $1900 and $2450 depending upon the model and 
configuration. The standard warranty is one year. 

Call (02) 8874 5100 or e-mail 


for more information. Se 
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Fig.6: a 5MHz triangle wave, which is half of the maximum 
supported frequency. Some distortion is visible near the 
peaks - much more than there is at 1MHz. 
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Fig.7: this is the maximum sine wave frequency provided 
by the HMF2550. 
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Fig.8: the pulse mode ee at nie. Note iat it is not 
centred about OV. It has been set for 10V peak amplitude 
and is being pulse-width-modulated by a sine wave. 
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Desktop Weather Monitor 
With alarm clock! Great for 

home brew kits, cellars or 

just keeping an eye on the 
weather! Features: 

.* 0 to 50°C * In & outdoor 
temperatures plus humidity 

¢ Min, max 

and hold 

functions. 


Monitor 

Your 

Energy 

Usage! 

This wireless 

home energy 

monitor can 

log power usage on up to 3 
mains outlets around the 
house. Includes 1 plug in . 
sensor & base station 
Additional sensors P 8138 $24.95. 30m 
range. Displays usage in kW/h or currency. 


Clear The Remote 
Control Cuittert 


Sunwave SRC-7000 


i 
| Replace up to 64 remote 

controls with one stylish 

| unit. Every device & 

H control button can be cus- 

1 tom labelled. Pre-pro- 

“6 tu) grammed with codes for 
most AV equipment, plus 

it also learns new equip- 

= ment codes via infra red. 

. Includes 

| rechargeable 

batteries & 

charging pod. 


Hi-Fi 8” 45W Ceiling Speakers 
Expand your home audio system with these 
stylish 8” 2-way coaxial speakers. Aluminium 
“rust proof” grill allows mounting in 
sheltered outdoor areas ie: under eaves, 
alfresco areas. Fast “flip-lock” install tabs. 


Mini HDMI Adaptor 
Converts a standard 
HDMI lead into 

Mini-HDMI for 

connection to camcorders, 
laptops & media players. 


P 7375 


Super Value Audio Mixer! 
Compact & easy to use audio 

mixer. Fantastic for schools, 

theatre groups, houses of worship \ 
etc. With 5 channels accepting up 
to 9 input sources. Also features, 3 
band EQ, channel volumes, 
crossfader and VU meters. 

240V operation. 


ALTRONICS 


YOUR ONE-STOP 
ELECTRONICS SHOP 


Combo Wire Stripper 
& Kwik Crimper 
Combines a spring loaded 
ratchet wire stripper, cut- 
ting blade & kwik crimper f 


in a single tool. Saves 


space in the toolbox! 
Suits 10-24 AWG 
SAVE 26% 


cable. Crimps 
red/blue/yellow 
kwik connectors. 


Project ideas, tools & audio gear for August 2010. 


pion 12VDC Power Tester 


voltage, voltage drop, ; 
battery load, polarity 
and PTC fuse 

integrity. Detects 

AC power for con- 
necting CCTV cam- i 
eras. Quick croc 

clip connection! 


Digital TV 
Panel Antenna 


Provides 25dB of gain for 
clear digital TV & digital 
radio reception. Includes 
power supply & 

PAL to F connec- 

tion lead. Indoor 

or sheltered out- 

door installation. 


2.4GHz 

ie AV Sender i 
at Tor wir reless C 

The easy cable-free way to bance 

transmit stereo audio & 

composite video up to 30m. It also relays 

infra-red allowing you to control 

equipment remotely. Includes transmitter, 

receiver and plugpacks. 


Component 
Video & 
Digital Audio 
Cat5 Sender 


n trom 
ce! Uses low 


cost Cat5/6 UTP cable SAVE 20% 
- no need to run 


expensive coax. No A 3210 


power required. 1080i max 50m. 


Super-Bright Mini 
Rechargeable Torch 
Just 50mm long, this LED 
torch is always ready to 
go - charged from your 
car accessory socket. 
Great for map reading! 


Anyti 


design 


Efficient ‘pure 
sine wave’ 


240V Mains 
Power 
Anywhere, 


me! 


Latest high efficiency 
‘pure sine wave design! 


delivers pure AC power. Ideal for use 


in 4WDs, campers, caravans etc. High 3000W surge 
rating for powering difficult to start loads such as 
microwaves, computers and televisions. 1OOOW 


ieieiabi Hart ies Dock 


Suits 2 5" or 3, a SATA hard i 
ties. Enables fast ‘hot swapping’ of drives & 
whilst the PC is on. A must for IT 
technicians! USB2.0 or eSATA. Includes 
power supply. 

*Hard drive not included 


Fitted with dual USB 
ports for flash drives! 


SAVE 10% 


100W Laptop 

Notebook Power Supply 

Ideal replacement for lost/broken laptop 
supplies. Fitted with dual USB outputs for 
powering peripherals. Includes 8 tips to suit 


Selectable voltages (15-24VDC), max 6A. Includes mains lead. 


Wireless Mouse 

& Laser Pointer 

Mini wireless mouse with @Sg\iae luz 
inbuilt laser pointer for 
presentations. Two : 

buttons with 

scroll wheel. 

Requires 1 x 

AA battery 

(S 4916 $4.90) 


‘Mah vgn 


s0n y 


_ USB2.0 
| 4 eae 
Hub 


Connect all your 


SF USB peripherals with 


~ ease! No power required. 


SAVE $10 Or for high current draw 
SAVE 10% 


M 8996 


most laptops. 


devices, add on an 
M 8909A plugpack $22.90 
& M 9187 tip $1.60. 


Handy USB Mains 


Great for c! 


players, PDA's, 
game consoles from 


517 | 
SAVE 14% 


M 8890A 


Illun 
Identify those tiny 
components, without 


No More Eye aa 
straining your eyes. 
300mm adjustable 


od Ma 
gooseneck. Great for 


stamp and coin collectors, technicians, 
model makers, seamstresses, jewellers and 
much more! 
Spare fluoro 

A 0969 $8.50. 
240V mains 
operation. 


SAVE 12% 


A 0967 
5 dipotre 


3 Electronics 


"S49. 


SAVE 10% | 


Travel Adaptor 
arging iPods, MP3 
phones & portable 


USB Wireless 3 
Ethernet Adaptor 
Add wireless networking to your PC or 
media player instantly. Simply plugs into 
your USB port to provide 802.11n 
wireless ethernet up to 300mbps! 


ny 100-240V outlet! 
ncludes Australian, 
US, UK & European 
adaptors. 





Precision Digital f 
Pocket Scales 
Great for 

measuring and 
counting 

lightweight 

items. 

Measures in 

grams, ounces, 

troy ounces & 
pennyweight. 0.1g 
resolution. 500g max. 
Includes tough plastic 
cover. 


Includes ultra 


bright fluoro tube 
for a crisp view! 


Perth WA: 174 Roe St 
Auburn NSW: 15 Short St 


ALTRONICS 


ONE-STOP ELECTRONICS SHOP 


Enthusiast Centres: Springvale VIC: 891 Princes Hwy 





New Test Equipment For Professionals & Enthusiasts. 


Professional ints DMM 

Push button y 

Records up to * 
11 min of 

measurements 
to internal 


operation 
Multifunction backlit 
display shows date, 
time, bar graph & 
measured reading 
simultaneously * 3 measurements per 
second logging for up to 11 min 

¢ Resistance, frequency, duty cycle, 
capacitance, continuity, 

AC/DC voltage & current 

ranges © 10A rated 

* Includes shock proof 


rubber holster & test leads. Q 1071 


Professional Soldering Station 
With Digital Readout. 

Insist MICRON for 
your next yn. 

This model includes 

precision digital heating 

control for the best 

soldering experience 

you'll ever have! Other 

features: * Ceramic 

heating element © Zero-volt 
switching * 200-490°C range 

¢ Antistatic strap point 

* Temperature lock * Comfortable 
slim handle for all day use 


2 Year Warranty. 
Hurry, limited stocks! 


Combination Insulation 

Tester & True RMS DMM. 
Brings together insulation testing 
functions & a kata multimeter into 


have tei service Jechiicians and 
eletrical trades people. Internal 

memory records up to 99 readings. 
Includes adaptor for measuring SMD § 
capacitors & diodes. Features: * 250- 


* Frequency * Capacitance 
* Temperature * Continuity 
* 2000MQ max * Backlit LCD 
* Cat Ill 1000V, Cat IV 600V 


45W Temperature 
Adjustable 

Soldering Station 

An excellent multi 

purpose soldering iron. 
Perfect for service 
technicians, schools, 
engineers, R&D, production \ 
work etc. Japanese ceramic 
heating element for long life. 
Adjustable from 250° to 430°C 





BONUS BUY: For just $15 extra receive 3 long 
life iron clad chisel tips, valued at over $37. 
T 2421 0.4mm, T 2430 0.8mm, T 2432 3.2mm 





Micron® 60W Handheld Soldering Iron 
GREAT PERFORMER 
JNDER $20! 


S17 


SAVE 22% 


T 2409 


Great for enthusiasts 

& home handymen or as a 

back up in the toolbox. Equipped with an iron 
clad, chrome plated tip. Includes safety stand. 
Ideally used with our T 1310A ($16) or T 1306 
($24.95) bench stands. 


19pc Field 

Technicians 

Tool Kit 

Includes an array of 

handy tools: * Needle 

nose pliers ¢ Bent 

needle nose pliers 

* Serrated plier/cutter 

¢ Side cutters * Bull nose pliers © Flat pliers 
¢ Fine tip tweezers * 3 x philips #00, #0, #1 
° 3x flat blade 2.0, 2.5, 3.0 © 6x star/torx 
T6, 7, 8, 9, 10, 15 


lroda® Maxi Pro-Torch 
Ultra high output design suits heavy duty 
brazing, silver soldering in plumbing & industrial 
maintenance. The unique design allows instant 
heat over long periods without the need for 
refilling - just latch on a new 
butane canister when required! 
Features adjustable regulator 
and one touch piezo ignition for 
a reliable startup every time! 


T 2497 





Don't forget to order gas canisters! 
T 2455 220gm 4 pack $10.95 





Express Order 
Hotlines: 


Wales Away Solder Fumes 


is? This pt dat fume 
extractor whisks away smoke & 
filters the air at the 
same time. All metal 
construction ensures 


12 In 1 Ratchet 
Driver Kit 


y\' ib 7) 


Ideal for communications gear, ees, T 2189A 


laptops. Can be ‘locked’ as a normal driver if required. 
Includes: * Extension bar * #000, #00, #0 phillips * 1.5, 2 
& 2.5mm flat blade * T4, T6, T7, T8, T10, T15 torx. 


Driver bits are stored inside the ha 


Heavy Duty Automotive Crimper 


No more fumbling with poorly designed crimpers! These pro- 
quality RATCHET action crimpers are easy on the hands, and 
will ensure connectors have a vice like grip. Suits red, blue 
and yellow kwik connectors / crimp lugs. 


am Pick Up Tool & Inspection Mirror 
$1. Must haves for the toolbox! Magnetic 


pickup tool is telescopic. 
SAVE 20% 


Phone: 1300 797 007 
Fax: 1300 789 777 
www.altronics.com.au 


Detect Lethal 
AC Voltages 
Without Contact 
Non-contact AC detec- 
tor with LED light. 
Essential for working 
with AC wiring. Lights 
up when near any AC 
source (100-600V @ 
10A DC current. 50-60Hz). Fits right in 
1Hz-30MHz your pocket. 


counter. Includes Oc “$15 


test leads & temper- 
ature probe. Great SAVE 24% 


for students! 


Micron® 
Autoranging 
DMM. 
Simplicity & 
functionality in 
one compact 
test device 
Jumbo easy 
read screen 


Professional ‘Contact 
Free? Digital Thermometer 


ser guided beam for pin point accuracy! 
Lightweight, “point and shoot” eanetae measure- 
ment. Provides accurate temperature readings from a 
distance. Ideal for measurement in dangerous places, 
or when equipment is operating. Incredible accuracy 
rom -50°C to 1000°C. 





Professional grade specification: 
¢ Ultra-high 30:1 optical resolution 
* Fast <150ms response time 
* 1% accuracy * 0.1° resolution 








See Inside Walls, Pipes 
& Conduits... 


4 
/ Hurry, our first 
7 < shipment sold in 
_{ just 2 weeks! } 

..with this handheld inspection camera & detachable 
wireless LCD monitor. Great for accessing difficult loca- 
tions such as wall cavities, ceiling spaces, pipework, industrial machin- 
ery & engines. Requires 4xAA batteries for camera (S 4956 pk4 $6.80). 
Screen fitted with rechargeable battery (charger included). 


Test HDMI Leads Instantly 
Great for AV systen 

A real time saver on site when 
troubleshooting installations - tests 
patch leads or in-wall gate LED 
feedback provides clear 

indication of continuity & 


Test Wiring Polarity 

& Continuity In A FLASH! 
Allows a single user to quickly identify 
two wires, even when the wire ends 
are located in different rooms. It 
makes testing continuity & polarity a breeze, even on 
long cable runs and wiring harnesses. Supplied with 
high quality silicon test leads. Includes 9V battery. 


Q 2024A 


Must have test equipment for techs, 
installers, engineers etc. Generates 
sine & square waveforms in 46 

preset frequencies from 20Hz to 
150kHz in two ranges (x1 and x100). @ 
Includes test leads & oscilloscope 

sync output. 2 year warranty. 





Security For Your Home Or Business! 


Protect Your Home 
& Family Today! 


8 Zone Home/Business 

Alarm System 

At last a quality professional alarm 

system at an affordable price. Install I 

it yourself and save a fortune! 

Supplied with main unit and keypad; | 

and can be fully installed and 

programmed by YOU in just hours. 

Includes comprehensive step-by-step | 

instructions making your installation | a5 
easy. M 9332A 16V AC plugpack — 

to suit $26.95. Extra keypads as 
(max of 4) $ 5269 $59. plus panic alarm function 


4 Channel Digital Video 
Recorder With LCD Screen 


Features an in-built 7” LCD folding screen for easy 
playback & mo: g. Provides switching, quad 

processing and recording functions all in one. 

Records up to 4 cameras (at 25 frames 

per second max) to an internal hard 

drive - available separately. * Direct 

connection to a PC via USB for recovery 

of archived recordings * Scheduled recording * Motion 
detection triggering * Very easy to setup * On screen menu 
* Includes power supply & software for Win XP/7. 

* 1TB hard drive to suit D 5513 $139. 


Colour All-Weather 
Day/Night Camera 


1 19 Superb build quality. In- 


SAVE $10 built infra red lighting 
provides plenty of night 
time coverage. Rugged diecast 

enclosure can be mounted 

in exposed outdoor 

areas. Colour CCD. 

M 8934A plugpack to 

suit $26.90. 


525 


Oakey ° 


S$ 9244A 


Sends colour vid 


Weatherproof Vehicle 
Reversing Camera 
Measuring just 3cm long, 

this tiny camera hooks up 
virtually in-car screen with com- 
posite video input. Easily mounts 
to number plate recess. Mirrored 
video signal. 12-15VDC input 


SAVE $10 to any PC Mo 


*399 


SAVE $100 


Video 


Cat5 Baluns 


An economical 


and easy to install 


olution for long 
cable runs in 
CCTV installs. 
leo up to 300m 


over Cat5 cable. Sold in pairs. 


x 


Connect a CCTV System 


nitor. 


This compact VGA converter 


displays a composite signal up 


to high resolution, 
SXGA 1280x1024 


‘flicker free’, 
. Ideal for 


integrating CCTV into your AV 


system. BNC 

input, DE15 VGA 
output. Requires 
M 9274A 12VDC 


DC Power Jacks 
idemaeue? §=§— With Screw Terminals 

A real time saver for CCTV installs & custom 
projects. No soldering required! 2.1mm. 


4 Channel Cat5 Video Baluns 


90' 


SAVE $29.90 


Save a fortur 

compared to conventional coax cable installs! 
Sends 4 video signals up to 600m over cat5e thout the ex 
cable (300m for colour). BNC connection. No a 


as! Looks j 
power required! Two required for form a link. camera. 852mm. 


Yap ies 


SAVE $20 


plugpack $25.25. 


$14 


SAVE 25% 


Deter Thieves & Vandals 


e of rea 


ust like a real 


Super Loud Siren 
High power 
110dB piezo 


DC. 99@x 


4 Core 
Security Cable 


sensors such as 
PIR’s and 
detectors. 
Full 100m 
rolls only. 


See In The 
Dark CCD 
Camera 


performance coupled 

with sharp clarity day 

time use. Sturdy housing 

suits indoor and outdoor 
installs such as under eaves, patio’s etc. 
M 9272A plugpack to suit $17.95. 


Vandal 

Resistant 

Hi-Res Dome 7 | 
Camera 

Super tough diecast 
housing fitted with a high 
resolution 540 line colour 


sensor for top quality SAVE $19 
video. Sloping enclosure 


for pitch ceilings. 0.1 lux. 


M 8934A plugpack to suit $26.90. 


170 


Micro-Bullet Camera : 
Compact, weatherproof (IP65) — 
design. Great for monitoring ag 


outdoor areas. 


Superb 
colour image. % 
SAVE $29 


M 9272A 


plugpack to suit $17.95. 
1.5m BNC 


Video 

Patch 

Leads 

Ideal as patch leads from 
a DVR to monitors or 
cameras. 


B 2 cable 
runs in one! 


Coaxial & Fig 8 


Combo A 


Perfect for 
wiring up surveil- SAVE 12% 


lance cameras! W 4801 100m 


Features a RG59 75Q coax and heavy 
duty Fig 8 in a single sheath. 


PIR 
Movement 
Sensors 


5 year 
arranty! 

A reliable high 

performance 

passive infra 

red detector for 

security sys- 


tems. Excellent 90 


RFI/EMI! immu- LW Gy 


nity. Adjustable S 5314A 


pick up range. 
Size: 100 x 60 x 40mm. 


Wall Mount IR 


Beam Sensor S 5333 


ideal for alarm triggering across 
wide entrances such as 
rollerdoors/ driveways. Water & 
dust proof. NO/NC trigger output. 
40m range. Adjustable beam. 
11-18VDC power. 


°69 


4 For 


Keyless RFID 
Entry System 


pV oh ¥20) 
Perfect for access control in 
home or business. Can be set 
up to require both RFID & keypad access or 
RFID only. 3 outputs; 2 x 3A NC/NO for door 
strike plus alarm triggering. 1A aux relay is 
provided as a doorbell. 129H x 84W x 


41Dmm. Includes keyfob RFID tag. Additional 
tags $9.15 (S 5376). Up to 500 users! Cra : 


Home Video 
Door Intercom 


! A safe and easy way to 
monitor your front door. Kit includes 
power supply, hookup cable, indoor 
base station & camera unit. 
Coupled with a door strike 
(available separately) you can even 
remotely unlatch your front 
door/gate to let visitors in. 
Expandable to 2 indoor units 
& 2 cameras. Black & white. “¢¢p 
Includes power supply. 

Extra indoor unit S 9414A $119 
Extra camera S 9415A $69 


,efore 


S$ 9413A 


Easy Video Door Bell 

Hooks up to the composite video 

input on your TV with the 10m SAVE 60% 
cable included, and provides clear 
colour video from the infra red 

camera outside. The wall mount 

intercom unit lets you speak to visitors 

without opening the door. Power supply 

included. Sorry, not available from dealers. 


. Replacement Door/Gate 
Remote Control 

Robust replacement for your 
worn out garage door/gate 
controller. 260-500MHz UHF 


operating freq. Battery included. 
Not suitable for code hopping alarms. Check suitability 
before making your purchase. 


Record All Your CCTV 

Footage To Your PC! 

This compact unit records 4 

channels of video simultaneously, 

plus 2 channels of audio to your PC’s 

hard drive. Includes powerful EZ-Cap video 
management software for viewing footage or setting 
motion detect & schedule features. 704x576 max 
recording res. USB2.0 connection. MPEG4. 


SAVE 18% 


S 9479A 


No Risk 14 Day Money Back Guarantee 


If you are dissatisfied with our goods for any reason, return to our premises within 14 days for a full refund 
(less transport costs). Returned items must be in NEW condition with all packaging and instructions. 





Great Value Project Ideas! 


LED Strobe & Tachometer Kit ga. 
(SC August ‘08) Allows you to wy £2) 
SAVE $10 


measure the RPM of fans, rotating 
shafts, propellers or anything that 
rotates! Readout displays RPM and 
frequency simultaneously. 1RPM resolution for 
excellent accuracy. Adjustable flash period and divider 
options. Requires 12VDC power. : q 
Measures up to 65,000 RPM 
‘28% 














































Silicon Chip L1OOW $ 
Class AB Amplifier | $200 OFF! 049 


Professional Finish - Sensational Sound! 
(SC Nov-Dec ‘01) Similar spec brand name amplifiers sell for over 
$2000! Build this kit yourself and save a FORTUNE! Produces 100W 
RMS per channel with almost unmeasurable low levels of distortion. 
Features: LED bargraph meters * Gold plated speaker terminals * 19” 
rack or desk mount * Screened and pre-punched chassis for a 
professional finish * CD, tuner, DVD, tape & aux inputs * Supplied with 
19”rack mount kit. 240V operation. Kit form. 












Efficient 
NEW KIT! Car/ Motorbike 

USB Charger Kit 
Ultra efficient charging 
module suitable for permanent connection to your 
vehicle. Operates at 89% efficiency, with a very low quiescent 
current when not in use so it won't flatten your battery! 12V input, 5V 
525mA output. Ideal for MP3 players, GPS devices & game consoles. 




































Power Garden, Shed 
or Security Lights 
FREE from the Sun! 
MPPT Solar LED 
ighting Controller Kit 
(SC May-Jun ‘10) When 
coupled with a 5W solar panel 
(N OO05A $35) & 3.3Ah battery (S 5063 
$15.95) this kit will power 10W of LED lamps 
95 for 2.5hrs a day. It accepts input from a 
remote switch, PIR movement detector 
or light sensor (for dusk switching). We 
suggest using with 3 x 3W star LEDs 
such as Z 0259A $16.95ea. 


Stereo 2x20W 12V 
Amplifier Kit 

This compact amp module 
puts out 2x20W RMS into 
4Q and is powered by a 12V source 
(such as an SLA battery). It could be 
used by buskers or installed in your caravan 
or boat. Distortion typically <0.03%. Bass & 
treble controls. 


NEW KIT! 





NEW KIT! 


4 ; K 6028 


Loads of fun 
for the kids! § 


Measure Ultra-Low 
Capacitance! 
Down to just 0.3pf - far 
below mo 
shelf’ D 5! 
(SC March “10). Ideal for measuring tiny capacitors 
or stray capacitance in switches, connectors and wiring. 
Connects to your DMM via banana plugs. Binding post 
test points. Requires 9V battery (S 4971 $5.95). 








‘off the 









NEW KIT! 





Measure Up To 25kV on a 
standard DMM! t 
(SC April ‘10). = 












Ideal add on for your multinete ) —=- 
allow voltage measuring on CRT based scopes, 
computer monitors, TVs, laser printers, photocopiers etc. 
Note: case not included, shortform only. 














Includes five motors <a base rotation, shoulder, elbow and wrist 
motion, plus claw for picking up objects (up to 120g). Includes wired 
controller. Add on the K 1108 USB interface/software kit for full control 
from your PC ($39.95). No soldering or special tools required! 







NEW KIT! 













Stock Up On PCB Prototyping Supplies 
No Fuss PCB 


Blank PCB $ 
Copper clad fibreglass Press ‘n Peel Film 24 
7 SAVE 22% 


board. 300 x 300mm AS EASY AS 1, 2, 3 
single or double sided. 1.Photocopy/laser print 


$17 mk?) 2. Iron onto your PCB 


3. Etch your new board! 
SAVE 14% SAVE 13% 


Pack of 5 A4 size 
H 0756 0/3 


Ferric Chloride 
PCB Etchant 
500m! pre-mixed bottle 


for easy use. : 


Etches PCB 
SAVE 15% 



























surface in 
20 minutes. 
sheets. 










Pre-built amp modules for a quick cost 
effective custom audio solution. All you 
need to do is connect a power, audio 
source & speaker! Sealed design for 
added reliability. See pg182 of the new 
catalogue for more info. 


32 
SAVE 22% 


A 0720 12W Moi 


No soldering required! 


SAVE 22% 
A 0705 40W Mono 


SAVE 24% 
A 0700 3.5W Mono 


SAVE 20% 
A 0710 3W Stereo 


Sale Ends August 31st 2010 


Altronics One-Stop Electronic Shops Phone 1300 797 007 Fax 1300 789 777 


Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 
© Altronics 2010. E&OE. Prices stated herein are only valid for the current month or until stocks run out. All prices include 
GST and exclude freight and insurance. See latest catalogue for freight rates. 











WESTERN AUSTRALIA _ 
Bunbury it. 
Esperance ono 
Geraldton _ 


ML ‘Communications 


Brisbane South _ : 
Brisbane North 





Capalaba 

Cairns 

Cloncurry _ _ 

Dalby . Camera Hous 
Gold Coast _ ~ Prime Electronics 
Hervey Bay “Leading Edge Electronics 
Innisfail Leading Edge Electronics 
Kingaroy SB Computers 
Longreach. 7 Access Electronics 
Maryborough ~ Leading Edge Electronics 
Mossman __Leading Edge Electronics _ 


Rockhampton North. Home Delivered Computers 


Rockhampton South ___——s Access Electronics 
Toowoomba Michael's Electroncis 
Townsville SOLEX _ 
Yeppoon _ ~ Keppel Electronics 7 
VICTORIA _ 
Alexandra Alexandra Air Con & Appliance ( Centre 
Ballan : __Radcomp 
Beaconsfield : Electronic Connections _ 
Benalla : __North East Electronics 
Castlemaine Top End Technology 
Clayton Rockby Electronics 
Cranbourne Bourne Electronics 
Croydon Truscott's Electronic World 
Geelong Academy TV Australia 
Geelong Music Workshop 
Healesville Amazon DVDs Healesville 
Horsham Leading Edge Electronics 
Leongatha Gardner Electronics 
Melton __ Melton Electronics & Communications 
Pakenham Get Smart Hifi 
Preston Preston Electronics 
San Remo Shorelec Electrical Wholesalers _ 
Swan Hill Lateral Communications 
Warnambool Koroit St Electronics 
Wodonga _ Exact ‘Computers & & Home Ent. 
NEW SOUTH WALES : 
Brookvale __ Brookvale Electrical Distributors 
Carlingford Carlingford Music Centre 
Leading Edge Electronics 
a Cobar Electronics 
Deniliquin Wired Entertainment 
Griffith _ Griffith Systems Plus 
Gunnedah Protronics 
Lithgow Leading Edge Electronics 
Mudgee Home & Office Electronics 


Nth Richmond _CPT-Candle Power Technologies 


Oak Flats Oak Flats Electronics 
Orange Fordray Electronics _ 
Penrith Penrith Light and Sound 
Port Macquarie __Fettel Communications Pty Ltd _ 
Raymond Terrace __ Leading Edge Electronics _ 
Smithfield : Chantronics 
Tamworth _ Bourke Street Electronics 
Taree Noeledge Systems Pty Ltd _ 
Ulladulla Leading Edge Electronics 


Wagga Wagga Wagga Car Radio & Hi-Fi Pty Ltd 


Waterloo Herkes Electrical Supplies 
Wetherill Park Techtron Electronics Pty Ltd 
Windang Mad Electronics 
Wyong CCRV - Pro Disc 
SOUTH AUSTRALIA 
Adelaide i “Axtronics. : 
Berri Gardeners Berti Radio & TV 
Brighton Force Electronics 
Entield Aztronics 
Findon Force Electronics 
Kadina Wellsecured _ 
Benmare Tee Leading Edge Electronics 
Mt Barker : Force Electronics _ 
Milton _ _Leading Edge Electronics _ 
TASMANIA _ satslgnetantace 
Hobart Active Electronics 
Launceston _ Active Electronics 
NORTHERNTERRITORY a 
“Leading Edge E lectro! 
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Electrolyti 





ro oPMRer 


Got a bunch of old electrolytic capacitors you’d like to use 
... but don’t know if they are any good? Or do you need 
to re-form the electrolytics in an old valve amplifier or 
vintage radio set? This Electrolytic Capacitor Reformer 
and Tester will do the job for you, at any of 11 different 
standard voltages from 10V to 630V. 


to apply the selected test voltage 
for any of seven periods ranging 
from 10 seconds to 60 minutes. 

Thus you can use it for ‘reforming’ 
electrolytic capacitors that have devel- 
oped high leakage and high impedance 
due to years of inactivity. As well, it 
can be used to test the leakage of vir- 
tually all capacitors at or near their 
rated voltage. 

Of course, we have to state that not 
all old electrolytics can be restored — 
they can’t. Some will have very high 
leakage due to contamination of the 
can seal or breakdown of the electro- 
lyte and some will have just dried out. 
In those cases, you cannot do anything 
to resurrect them but in many cases 
you will be able to restore and re-use 


[: addition, it provides the ability 


[sae EL 8 


capacitors that have not been used for 
many years if not decades. 

Some very old caps (1960s vintage!) 
we had took several hours to come 
good while others, made in more 
recent years, were good within a few 
minutes. 

Most high voltage (ie, 250V and 
above) capacitors should be capable 
of being reformed to the extent that 
their leakage current drops to around 
3mA or less. 

The Reformer circuit is designed 
so that no damage can occur if the 
capacitor connected to it is short 
circuit or has very high leakage, or is 
even connected back-to-front (ie, with 


reverse polarity). Furthermore, even if 
the capacitor leakage is very high, the 
output current is limited so that the 
maximum dissipation in the capacitor 
is no more than 2W. 

This means that some capacitors 
might get warm while they are being 
reformed but none will get so hot that 
they are in danger of swelling up and 
“Jetting the smoke out”. 

That’s a good thing because electro- 
lytic capacitor smoke is particularly 
foul-smelling! And as any serviceman 
will tell you, the gunk (electrolyte) 
inside is particularly nasty ifit escapes 
with the smoke. 

The Electrolytic Capacitor Reformer 
and Tester is housed not in a tradi- 
tional instrument case or box but in a 
standard plastic storage organiser case 
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which, together with a microswitch 
interlock, provides a safe compartment 
for the capacitor when it has high volt- 
age applied. 

Another compartment provides 
handy storage for the switchmode 12V 
plugpack. 

Opening the lid of the case means 
that no voltage is applied to the 
capacitor — until the lid is closed — 
but perhaps even 
more importantly, 
opening the lid 
safely and quickly 
discharges the ca- 
pacitor so there 
is no chance of 
a nasty electric 
shock — for you 
or anyone else. 
A charged 630V 
capacitor with its 
leads exposed is 
not something to 
be trifled with! 

With the trans- 
parent lid closed 
you can select the 
test voltage and 
the period of re- 
form/testing and 


SELECTABLE 
DC VOLTAGE 
SOURCE 
(11 VOLTAGES, 
10V - 630V) 
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(S1, IC1, Q1-Q3) 





: 


view the 2-line LCD which shows the 
capacitor voltage, its leakage current 
and the time elapsed. 


The design 

This Electrolytic Capacitor Re- 
former and Tester is based on the 
smaller and simpler unit described 
in the December 2009 issue of SILICON 
Cup but with a much bigger selection 


AMPLIFIER 
A= 1.205 
(IC2a) 


Fig.1: block diagram of the Electrolytic Capacitor Reformer and Tester. Not 
shown here is the safety interlock microswitch and discharge resistors. 








“Most hobbyists would have collected many old electros 
over the years (maybe not as old as some of these!) — but 
are they any good, or can they be resurrected into life? 


of test voltages plus the inbuilt test 
timer which allows the test voltage to 
be applied for as long as 60 minutes. 

We also published an electrolytic 
capacitor reformer designed by Rod- 
ney Champness in “Vintage Radio”, 
October 2006 issue. 

However, this new design not only 
offers higher voltages (the 2006 model 
only went to 400V), it is fully self 
contained, is a more 
elegant design and is 
very much safer to use. 

Commercial capaci- 
tor leakage current 
meters/reformers are 
available but they tend 
to be fairly expensive 
(well over $1000) and 
we don’t believe any 
of them incorporate 
a safety interlock to 
avoid the possibility 
of electric shock. 

With ours, you have 
a choice of eleven dif- 
ferent standard test 
voltages: 10V, 16V, 
25V, 35V, 50V, 63V, 
100V, 250V, 400V, 
450V and 630V. These 


16x2 LCD 
MODULE 


PIC16F88 
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correspond with the rated voltages 
of most electrolytic capacitors which 
have been available for the last 30 
years or so, 

If you have an “oddball” capaci- 
tor with a different working voltage, 
simply select the next voltage down. 

(In fact, in the vast majority of cases 
selecting the next voltage up won’t 
do the capacitor any harm either 
because most capacitors, especially 
electrolytics, can stand a short-term 
higher peak voltage than their work- 
ing voltage, hence the labelling — eg, 
400VW, 500VP). 

With any of these test voltages 
applied to a capacitor you can read 
its leakage current on the 2-line x 
16-character backlit LCD screen, with 
two automatically selected current 
ranges: 0-200UA or 0-20mA. As well, 
you can also read the voltage which 
appears across the capacitor at any 
time in the procedure. 

Importantly, for reforming capaci- 
tors you have the choice of ten test 
periods: 10 seconds, 30 seconds, 1 


82 SILICON CHIP 


minute, 3 minutes, 10 minutes, 30 
minutes or 60 minutes. 


How it works 


Essentially the Reformer’s operation 
is quite straightforward, as you can see 
from the block diagram of Fig.1. This 
is broadly very similar to the above- 
mentioned design in our December 
2009 issue. 

There are only two functional cir- 
cuit sections, one being a selectable 
DC voltage source (on the left) which 
generates one of 11 different preset 
test voltages when power is applied to 
the voltage source (actually a DC-DC 
converter) via relay RLY2, controlled 
by the PIC micro (IC3) via transistor 
Q4. This test voltage is applied to the 
positive terminal of the capacitor via 
a protective current limiting resistor 
and a microswitch, whose purpose we 
will look at shortly. 

The second functional circuit sec- 
tion is on the right in Fig.1 and com- 
bines a digital meter which is used to 
measure any direct current passed by 





the capacitor under test and the voltage 
appearing across the capacitor. There 
is also a digital timer which controls 
the DC test voltage source via Q4 and 
RLY2. The PIC micro (IC3) forms the 
‘brains’ of this section. 

We use IC3 as a voltmeter to make 
the current measurement because any 
current passed by the capacitor flows 
down to ground via the 1002 resistor, 
either alone or with the 9.90kQ resis- 
tor in series. The resistor(s) therefore 
act as a current shunt and its voltage 
drop is directly proportional to the 
current flowing through the capacitor. 
The meter measures the voltage across 
the resistor(s) and is arranged to read 
directly in terms of current. 

We also use IC3 to measure the volt- 
age across the capacitor for the dura- 
tion of the leakage test or reforming 
period. That way, you can keep track 
of the leakage current and the voltage 
at any time. For a good capacitor, the 
voltage across it will rise while the 
leakage current steadily reduces. 

The reason for relay RLY1 and the 
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9.90kQ resistor which it effectively 
switches in series with the 1002 resis- 
tor is that this gives the digital current 
meter two ranges. This allows it to 
read leakage currents down to less 
than 100nA (0.1u,A), while also coping 
with charging and/or leakage currents 
of up to 20mA or thereabouts. Before 
the micro begins a test by turning on 
transistor Q4 and relay RLY2 to apply 
power to the test voltage source, it 
first turns on transistor Q5 and relay 
RLY1 to short out the 9.90kQ resistor, 
giving the effective current shunt re- 
sistance a value of 100Q, which gives 
a 0-20mA range for the capacitor’s 
charging phase. 

Only when (and if) the measured 
current level falls below 200A does 
it switch off Q5 and RLY1, increasing 
the total shunt resistance to 10kQ and 
thus providing a 0-200uA range for 
more accurate measurement of any 
residual leakage current. 

So that’s the basic arrangement. 
Pushbutton switches S3-S5 are used 
to select the test time period and also 
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to begin a test or end it prematurely. 
LED1 is used to indicate when RLY2 
has applied power to the DC voltage 
source and therefore when the test 
voltage is present across the capacitor 
test terminals. 

The reason for the resistor in series 
with the output from the test voltage 
source is to limit the maximum current 
that can be drawn from the source in 
any circumstances. 

This prevents damage to either the 
voltage source or the digital metering 
sections in the event of the capacitor 
under test having an internal short 
circuit and also protects the 9.90kQ 
shunt resistor and the digital voltmeter 
section from overload when a capaci- 
tor (especially one of high value) is 
initially charging up to one of the 
higher test voltages. 

In the full circuit you’ll find that 
this series resistance has a total value 
of 10.4kQ, which was chosen to limit 
the maximum voltage which can ever 
appear at the input of the voltmeter’s 
input amplifier (IC2a) to just over 6V, 


Inside the opened case, 
showing the main cut-out 
required. Inset top left is the 
interlock microswitch which 
cuts power and bleeds the 
charge on the capacitor when 
the lid is opened. And just in 
case you were wondering - yes, 
you do have to lay the capacitor 
down before closing the lid! 
Note this PC board is an early 
prototype — several changes have 
been made to the final version. 


even under short circuit conditions 
and with the highest test voltage of 
630V. 

It is also used to limit the current 
when the instrument is being used for 
reforming electrolytics. 


Circuit description 

Now let’s have a look at the full 
circuit of Fig.2. The selectable DC 
voltage source is again on the left, 
based around IC1 — an MC34063 DC/ 
DC conversion controller IC. 

It used here in a step-up or ‘boost’ 
configuration in conjunction with 
driver transistors Q1 and Q2, switch- 
ing transistor Q3, autotransformer T1 
and fast switching diode D4. We vary 
the circuit’s DC output voltage by vary- 
ing the ratio of the voltage divider in 
the converter’s feedback loop, connect- 
ing from the cathode of D4 back to IC1’s 
pin 5 (where the voltage is compared 
with an internal 1.25V reference). 

The four series-connected 75kQ 
resistors, together with trimpot VR1, 
form the top arm of the feedback divid- 
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er, while the 100kQ resistor from pin 
5 to ground forms the fixed component 
of the lower arm. These give the volt- 
age source its lowest output voltage of 
close to 10.5V, which is the converter’s 
output voltage when selector switch S1 
is in the ‘10V’ position. 

When S1 is switched to any of the 
other positions additional resistors are 
connected in parallel with the lower 
arm of the feedback divider, to increase 
its division ratio and hence increase the 
converter’s output voltage. For exam- 
ple, when S11 is in the ‘16V’ position, 
all of the series-connected resistors in 
the string between the various positions 
of S1 are in parallel with the 100kQ 
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8& ELECTROLYTIC CAPACITOR RE-FORMER & LEAKAGE METER 


resistor, increasing the division ratio 
to increase the converter’s regulated 
output voltage to 16.25V. 

The same kind of change occurs in 
all of the other positions of $1, produc- 
ing the various preset output voltages 
shown. Although the test voltages 
shown are nominal, if you use the 
specified 1% tolerance resistors for all 
of the divider resistors they should all 
be within +4% of the nominal values, 
because the 1.25V reference inside the 
MC34063 is accurate to within 2%. 

IC1 operates only when the 11.4V 
supply rail is connected to it via relay 
RLY2, under the control of micro IC3. 
The converter circuit then operates and 
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generates the desired test voltage across 
the two 470nF/630V metallised poly- 
ester reservoir capacitors, connected 
in series, with their voltage-sharing 
resistors in parallel. At the same time 
LED1 is illuminated, to warn you that 
the test voltage will be present at the 
test terminals. 

Note that the test voltage present at 
the top of the feedback divider is not fed 
directly to the positive test connector, 
but is first fed through a low-pass RC 
filter formed by the 8.2kQ 5W resistor 
and the series-connected 47uF/450V 
capacitors (which again have voltage- 
sharing resistors in parallel). 

This filter is to smooth out any rip- 
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Fig.2: similar to the block diagram, the circuit is divided into two distinct sections — the high voltage generation 
on the left side and the reforming/reading/metering section on the right, which itself is under the control of a PIC 
microcontroller. Don’t depart from this circuit diagram — a lot of effort has gone into making it safe! 


ple present in the output of the volt- 
age source/converter. The filtered test 
voltage is then made available at the 
positive test terminal via a 2.2kQ 5W 
series resistor, which together with the 
8.2kQ 5W series resistance of the filter 
forms the protective current limiting 
resistance shown in Fig.1. 


Charged electros can be lethal! 


Before the test voltage is fed to the 
capacitor’s positive test connector, it 
first has to pass through microswitch 
S6, which is attached to the case so that 
it switches when the case lid is opened. 
Normally, (ie with the lid closed) the 
test voltage is connected but when 
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the lid is opened, the test capacitor’s 
positive terminal is connected to its 
negative terminal via two 1kQ, 1W 
resistors which will discharge even the 
largest high voltage capacitors normally 
encountered in less than a second. 
Two 1W resistors are used to obtain a 
sufficiently high voltage rating for the 
highest value test setting. 

Of course, very high value lower- 
voltage capacitors will take much 
longer to discharge (as much as a few 
seconds or so) but these are not con- 
sidered as dangerous to life and limb. 

It is important for your safety (and 
more importantly, the safety of others) 
that the microswitch is not left out nor 





bypassed or worse, the circuit built into 
a case which does not havea hinged lid 
allowing this form of protection. The 
circuit is perfectly safe as described. 
Wiring external to the PC board (ie, 
the high voltage wiring) should be 
made with 250V AC-rated cable. The 
easiest place to get such cable is from a 
surplus flexible mains lead. In fact, you 
might be lucky enough to find that you 
have some with red and black insulated 
wires (which are needed for the test 
capacitor connections) and newer ones 
with brown and blue insulated wires 
(ideal for the connections between PC 
board and microswitch). We wouldn’t 
use the green or green/yellow wiring 
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Parts List —Electrolytic Reformer & Tester 
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Trojan TJW0510 38cm Storage Organiser (from Bunnings) 
PC board, code 04108101, 210 x 120mm 

Front panel label, 320 x 120mm, laminated 

16x2 LCD module with backlighting (Jaycar QP-5516 or Altronics Z-7013) 
Mini DIL reed relay, SPST with 5V coil 

Mini DIL relay, SPDT with 6V coil 

SPDT 250V 10A microswitch (Jaycar SM-1040 or equivalent) 
19mm square TO-220 heatsinks ; 

Ferrite pot core pair, 26mm OD with bobbin to suit 

25mm long M3 Nylon screw with nut and flat washer 

1m length of 0.8mm diameter enamelled copper wire 

10m length of 0.25mm diameter enamelled copper wire 
Single pole 12-position rotary switch (S1) 

Instrument knob, 16mm with grub screw fixing 

SPDT mini toggle switch, panel mtg (S2) 

SP Momentary pushbutton switches, panel mtg (S3-5) 


86mm long M3 machine screws, pan head 


25mm long M3 tapped spacers 

12mm long M3 tapped Nylon spacers (or two - see text) 

Nylon flat washers (only for QP-5516 module - see text) 

M3 nuts 

7x2 length DIL socket strip, OR 16-way length SIL socket strip (See text) 
7x2 length DIL pin strip, OR 16-way length SIL pin strip (see text) 

18-pin IC socket 

8-pin IC sockets 


10 PC board terminal pins, 1mm diameter 


2 


100mm long Nylon cable ties 


Semiconductors 


{ 
{ 
1 
1 
1 
2 
2 
i 
1 
1 
1 
3 
1 
2 
C 
2 
1 
1 
2 
2 
2 
2 
1 
1 
R 
1 
5 
2 
3 
1 
1 
1 
1 
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MC34063 DC/DC converter controller (IC1) 
LM358 dual op amp (IC2) 

PIC16F88 microcontroller (IC3, programmed with 0410810A firmware) 
LM336Z 2.5V reference (IC4) 

7805 +5V regulator (REG1) 

BC337 NPN transistor (Q1,Q4) 

BC327 PNP transistor (Q2,Q5) 

IRF540N 100V/33A MOSFET (Q3) 

6.2V zener diode (ZD1) 

4.7V zener diode (ZD2) 

5mm red LED (LED1) 

1N4148 100mA diode (D1,D2,D3) 

UF4007 ultrafast 1000V/1A diode (D4) 
1N4004 400V/1A diode (D5,D6) 


apacitors 


1000uF 25V RB electrolytic 

220uF 16V RB electrolytic 

47uF 16V RB electrolytic 

47uF 450V RB electrolytic 

470nF 630V metallised polyester 
100nF MKT metallised polester 
100nF multilayer monolithic ceramic 
10nF MKT metallised polyester 

1nF disc ceramic 


esistors (0.25W 1% metal film unless specified) 


1MQ 
100kQ 
6.8kQ 
2.2kQ, 
2202 

47 
0.272 5W 
50kQ 
10kQ 


1 820kQ 
4 75kQ 
2 4.7kQ 
1 2.0kQ 
1 1502 
1 330 


1 680kQ 
1 22kQ 
2 3.0kQ 
2 1kQ 1W 
1 110 

1 30Q 


4 390kQ 

1 8.2kQ 5W 
1 2.2kQ 5W 
3 1kQ 

2 1002 

1 220 


1 270kQ 
5 10kQ 
2 2.4kQ 
3 5602 
1 56Q 
1 16Q- 


25T vertical trimpot (VR1) 
mini horizontal trimpot (VR2,VR3) 
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for ANY purpose except earth wiring. 

Some readers may query the use 
of 250V-rated cable when the highest 
voltage check is clearly well above 
this figure — 630V to be precise. The 
justification is that Australian/New 
Zealand standard AS/NZ3017 calls 
for mains power wiring to be tested 
at 1000V DC so it follows that the in- 
sulation of 250V cable must be able to 
handle this, at least in the short term. 


Voltage & current metering 

Now let us look at the digital meter- 
ing and control section, which is virtu- 
ally all of the circuitry below and to the 
right of the negative test terminal. The 
100Q resistor and paralleled 1MQ and 
10kQ resistors connected between the 
negative test terminal and ground cor- 
respond to the current shunts shown 
in Fig.1, with the contacts of reed re- 
lay RLY1 used to change the effective 
shunt resistance for the meter’s two 
ranges. For the 20mA ‘charging phase’ 
range RLY1 is energised via Q5 and 
connects a short circuit across the par- 
allel IMQ/10kQ combination, making 
the effective shunt resistance 100Q. 
But for the more sensitive 200LA 
range RLY1 is turned off, opening its 
contacts and connecting the parallel 
1MQ/10kQ resistors in series with the 
100Q resistor to produce an effective 
shunt resistance of 10kQ. 

As you can see the voltage drop 
across the shunt resistance (as a result 
of any current passed by the capacitor 
under test) is passed to the non-invert- 
ing input of IC2a, one half of an LM358 
dual op amp. And IC2a is configured 
as a DC amplifier with a voltage gain 
of 1.205 times, feeding the AN2 analog 
input of IC3, the PIC16F88 microcon- 
troller which forms the ‘heart’ of the 
metering/control section. 

IC3 takes its measurements of the 
amplified current shunt voltage from 
IC2a by comparing this voltage with 
a reference voltage of 2.490V fed into 
pin 2 of IC3. The reference voltage is 
derived from the regulated +5V sup- 
ply line via voltage reference IC4, an 
LM336Z device which is provided 
with a voltage trim circuit using D2, 
D3 and VR2. These are used to set its 
voltage drop to exactly 2.490V, where 
it displays a near-zero temperature 
coefficient. 

In fact IC3 takes a sequence of 10 
measurements at a time and calculates 
the average of the 10 readings to re- 
duce ‘jitter’ caused by noise transients. 
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This early prototype board has 


had several component and design changes 

- to that shown in the circuit diagram on p84-85. 
The final version, along with the component overlay, will 
be shown next month in the constructional article. 


It then does mathematical scaling to 
arrive at the equivalent current read- 
ings, which it displays on the 16x2 
LCD module. 

IC3 also monitors the voltage across 
the capacitor via a voltage divider feed- 
ing its AN5 input, pin 12. 


Timer function 

As mentioned earlier, pushbutton 
switches S3-S5 are used to select the 
test time period to be used and also to 
begin testing a capacitor. Switch S4 is 
used to increase the test period time, 
while S5 is used to decrease it. Then 
when the user has set S11 for the correct 
test voltage and has selected the test 
time period using S4 and S5, testing 
is begun by pressing S3. 

IC3 then turns on Q5 and RLY1 to 
set the metering circuit for the 10mA 
range, after which it turns on Q4 and 
RLY2 to feed power to the test voltage 
converter (and LED1). It also starts a 
software timer to control how long the 
test voltage is to be applied. 

While the test is being carried out, 
the metering section takes voltage and 
current readings and displays these 
on the LCD module, changing down 
to the 0-200UA range automatically if 
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the measurements drop below 0.2mA. 
Then when the selected test time 
period ends or the user presses S3 
again to end the test prematurely, IC3 
switches off the test voltage source. 
The voltage and current measurements 
continue however, so you can monitor 
the current decay as the test voltage 
drops to zero. 

Zener diode ZD1 is included in the 
metering circuit to protect the pin 
3 input of IC2a from damage due to 
accidental application of a negative 
or high positive voltage to the nega- 
tive test terminal (from a previously 
charged capacitor, for example). On 
the other hand diode D1 is included 
to protect transistor Q5 from damage 
due to any back EMF ‘spike’ from the 
coil of RLY1 when it is de-energised. 

Trimpot VR3 allows the contrast 
of the LCD module to be adjusted for 
optimum visibility. The 22Q resistor 
connecting from the +5V supply rail 
to pin 15 of the LCD module is to 
provide current for the module’s LED 
back-lighting. 

IC1 and the selectable DC voltage 
source operates directly from the 12V 
DC supply line (via polarity protection 
diode D5 and of course power switch 














S2) while the rest of the circuit oper- 
ates from a regulated 5V rail which is 
derived from the battery via REG1, a 
standard 7805 3-terminal regulator. 
That’s basically it. The only other 
point which should perhaps be men- 
tioned is that the PIC16F88 micro 
(IC3) operates here from its internal 
RC clock, at a frequency very close to 
8MHz. A clock signal of one quarter 
this frequency (ie, 2MHz) is made 
available at pin 15 of IC3 and is brought 
out to test point TP2, to allow you to 
check that IC3 is operating correctly. 


Construction 

Now that we have the design and 
operation under our belts, we’re ready 
to move onto the construction. 

Unfortunately, though, space has 
beaten us this month, so the complete 
constructional details, including the 
mounting of the project within the 
special case, will be presented next 
month. 

In the meantime, the parts list is 
shown opposite so you can start col- 
lecting the bits required. Firmware 
for the PIC micro will also be on the 
SILICON CHIP website (siliconchip.com. 
au) next month. Se 
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Designed in 1938, the Airzone 612 was 
a 6-valve battery-operated receiver 
specifically designed for use in remote 
areas. It’s an excellent performer and 
even after 70 years, the alignment of the 
set featured here was almost spot on. 
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ISTORICALLY, most urban dwell- 

ers have not been interested in 
listening to radio stations outside the 
city they live in. As a result, radio 
manufacturers made a point of produc- 
ing small 4-valve mantel receivers for 
the mass market. They were typically 
used in kitchens and bedrooms and 
were marketed alongside the more ex- 
pensive 5-valve (or more) mantel and 
console receivers that were popular 
from the 1930s to the 1950s. 

These little 4-valve sets and their 
larger siblings were mostly mains-op- 
erated and were usually quite simple 
in design. However, their performance 
was quite adequate for most city us- 
ers, who tended to use them for back- 
ground entertainment rather than for 
serious listening. It’s fair to say that the 
production of 4-valve sets, along with 
more ambitious receivers in classy 
cabinets, was the mainstay of radio 
manufacturing during the valve era. 


Rural listeners 


Although such sets performed well 
in city areas, where there were lots of 
local stations, they were often unsuit- 
able for use in remote rural locations. 
Many people at that time had no ac- 
cess to mains power, which meant that 
the sets had to be battery-powered or 
designed to run from 32V DC lighting 
plants. This in turn meant that power 
consumption had to minimised. 

Sets designed for use in rural areas 
also had to be more sensitive. AM radio 
stations back in the 1930s were not 
particularly powerful and were often 
even less so in country areas. That’s 
because commercial broadcast stations 
were allowed to operate with transmit- 
ter output powers of 5kW in capital 
cities but only 2kW in country areas. 


siliconchip.com.au 





As expected, country stations were 
located only in those areas where 
there was enough advertising revenue 
to make them viable. This meant that 
many areas had no stations within 
hundreds of kilometres. Where I lived 
as a youngster, the nearest station was 
3WV which was 145km away, while 
the next nearest station was about 
180km distant. And we didn’t live in 
the outback by any means! 

As aresult, for many people in rural 
areas, large outdoor antennas and sen- 
sitive receivers were needed to pick up 
areasonable selection of radio stations. 
Fortunately, ABC national stations 
were allowed to broadcast at higher 
powers than the commercial stations 
and so many ABC country stations 
used 10kW transmitters. 

Against this background, some 
manufacturers marketed sets that were 
specifically designed for rural listen- 
ers. One such set was the Airzone 612, 
a 6-valve battery-powered console 
receiver. 


The Airzone 612 6-valve set 


The Airzone 612 console from 1938 
was an impressive receiver, both as 
an attractive-looking console and as 
a sensitive battery-operated set for re- 
mote country areas. Airzone had been 
making good receivers right from the 
beginning of the 1930s and this model 
really performs well. 

As mentioned earlier, receivers 
designed for the more remote regions 
of Australia needed to be quite sensi- 
tive. They also needed to have good 
selectivity and to use as little power 
as possible. 

Most receivers of that era used large 
45V batteries plus a 2V lead-acid cell 
to power them. Usually, three 45V bat- 
teries were used, to give a high-tension 
(HT) voltage of 135V. These 45V dry 
batteries were expensive but with 
frugal use, would last about one year. 

Battery-powered sets were not 
just turned on and let run all day, as 
became the habit of those with mains- 
operated receivers. Instead, they were 
turned on for particular programs and 
then turned off again to conserve the 
batteries. The lead-acid 2V cell would 
require recharging every month or so 
and this was usually done at a local 
garage or radio service shop. However, 
some owners did work out other ways 
to recharge this cell, sometimes with 
disastrous results! 

In the Airzone 612, the current 
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This i the view inside the old Airzone 612 console. A large loudspeaker — 





and a decent baffle ensured good sound levels despite the output stage 
delivering a maximum output power of just 350mW. 


drain from the 2V cell is just 0.54A 
because the valves used mostly have 
low filament currents. These low-drain 
valves did not cause any noticeable 
reduction in performance. By contrast, 
most battery-operated sets of the era 
drew around 0.72A of filament current, 
despite the fact that they only used 
five valves. 

The battery drain on the HT line is 
18mA on shortwave and 17mA on the 
broadcast band. This is a little higher 
than for many other sets of the era but 
the Airzone 612 does have six valves 
compared to five in most other battery- 
operated sets. 


Circuit details 

Refer now to Fig.1 for the circuit 
details of the Airzone 612. The receiver 
is quite conventional with a 1D5G 
(V1) as a tuned RF (radio frequency) 
amplifier. The output from this stage 
is coupled via another tuned circuit to 
the signal grid of a 1C7G (V2) which 


functions as the frequency converter. 
This stage generates an IF signal 
that’s 456kHz higher than the tuned 
RF signal. 

This IF signal is coupled via a 
double-tuned IF transformer to a 1D5G 
(V3) which functions as the first IF 
amplifier. The resulting signal is then 
fed via another double-tuned IF trans- 
former to the second IF amplifier (V4). 
It then goes through another double- 
tuned IF transformer to the detection 
and AGC diodes in a 1K7G valve (V5). 

Finally, the detected audio signal is 
fed to the pentode section of a 1F5G 
(V6) which in turn drives a large (and 
efficient) loudspeaker via an output 
transformer. 

The Airzone 612 is not just limited 
to the broadcast band, however. This 
is a dual-wave receiver and it also has 
provision for amplifying the output 
from a turntable pick-up. It features 
three tuned circuits for the broadcast 
band and another three for the short- 


AUGUST 2010 89 





Va 1036 





DIAL LAMPS 


V3 10S V4 1056 


SWITCH POSITIONS. | -PHONO, 2-S.W. 3- 8.C. AS SHOWN 
PICK-UP TO BE DISCONNECTED FOR RADIO RECEPTION 





V5 1K76 «V6 IESG 


Fig.1: the Airzone 612 is a fairly conventional superhet design employing six valves. It’s a dual-band set and was 
powered from a 2V lead-acid cell (for the valve filaments) and three 45V batteries (to derive a 135V HT supply). 


wave band, these being an antenna 
tuned circuit, an RF tuned circuit 
and an oscillator tuned circuit (for the 
converter stage). 

The wave-change switch has three 
positions: phono (record player), 
shortwave band and broadcast band. 
This is a 9-section switch, with seven 
sections involved in switching from 
broadcast to shortwave. Another sec- 
tion switches the dial lamps so that 
either the shortwave or the broadcast 
dial markings are illuminated, while 
the remaining section alters the screen 
voltage to IF amplifiers V3 and V4 so 
that the gain on the broadcast band is 
less than on shortwave. 

When the switch is in the phono 
position, it removes the screen voltage 
from the IF valves (V3 & V4) to disable 
them in this mode. 

Another 3-position switch provides 





A close-up view of the dial scale. The 
dial lamps are switched so that only 
the broadcast or shortwave markings 
are illuminated. 
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a 1-step tone control and controls the 
dial lamps. In sets such as this, the 
dial lamps were only switched on to 
aid tuning and were then switched 
off to reduce the load on the 2V cell. 


Bias & AGC 


The detector diode in V5 has no bias 
applied to it and commences working 
as soon as a signal is received. By con- 
trast, the AGC diode is biased to -2V 
which means that it doesn’t start con- 
ducting until the IF signal exceeds 2V. 
This means the set has delayed AGC 
which is very useful when operating 
in weak signal areas. 

Standing bias is applied to the four 
RF and IF valves and this is derived 
from the voltage developed across R19 
in the HT- line. In addition, the AGC 
line applies various amounts of bias to 
valves V1-V3, depending on the signal 
strength. The RF valve (V1) receives 
the full AGC voltage (via R11), while 
V2 & V3 receive just half the AGC 
voltage (derived from the junction of 
resistors R13 and R14). V4 (the 2nd IF 
amplifier) has no AGC applied to it. 


Here’s looking at you 

Some console receivers of the era 
looked like they had cabinets made 
out of wooden packing-cases. Not so 
the Airzone 612 — its stylish cabinet is 
well-built by any standard. It features 
around escutcheon with the dial-scale 
in the centre, while the four control 
knobs are placed along the lower, outer 
rim of the escutcheon. 

This differs from most other receiv- 
ers which had their controls arranged 
in a straight line along the chassis. 

The clear dial cover in the escutch- 


eon is now showing its age, having yel- 
lowed somewhat. However, because 
it’s curved, a replacement is difficult 
to source. 

The chassis and cabinet interior re- 
quired very little cleaning and as can 
be seen, the labelling on the chassis is 
almost as good as the day it was made. 
By contrast, the cabinet has suffered a 
number of knocks over the years and 
requires a lot of work to make it look 
new again. 


Restoring the circuit 

Considering it age, the chassis was 
really in quite good condition although 
there were inevitably a few problems. 
First, when it was removed from the 
cabinet, it was found that the volume 
control had been replaced at some time 
in the past and its shaft had been cut 
quite short. As a result, it was missing 
its control knob. 

An under-chassis inspection also re- 
vealed a degree of tampering by some- 
one who clearly didn’t know what they 
were doing. This isa common problem 
with many vintage radios — the “hero” 
who is going to restore it attacks it with 
great gusto, in the process removing 
many parts which are earmarked for 
later replacement. Unfortunately, he 
subsequently cannot remember where 
everything goes and so parts finish up 
where they don’t belong and the set 
doesn’t work properly. 

Finally, after lots of mucking about, 
our “hero” gives up and sells the set 
as “a going concern” (which it isn’t) 
to another collector. It’s a scenario I’ve 
encountered all too often. 

Fortunately, this receiver had since 
come into the hands ofa friend of mine 
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(Marcus) who is capable of restoring 
old radios. His practice is to replace all 
the paper and electrolytic capacitors 
when restoring a receiver and so this 
was one of his first jobs. Marcus also 
tested all the valves and found that the 
1K7G was faulty. This was replaced, 
after which further checks were made 
on component values. 

During this process, Marcus dis- 
covered that the 1K7G’s plate resistor 
(R24) had been changed from 250kQ to 
20kQ. The original 250kQ resistor had 
been wired to the grid instead of the 
plate, so it was no wonder the valve 
was faulty. Valves do not take kindly 
to significant positive voltages on their 
control grids. 

Another problem concerned back- 
bias resistors R19 & R20. These are 
actually part of a single tapped wire- 
wound resistor which is bolted to the 
chassis. This was faulty, again due to 
the previous restorer, and was replaced 
with two separate resistors. 

Next, the various moving controls 
and sliding surfaces were oiled and 
the dial system checked over. The 
dial mechanism has a flywheel drive 
which is good for rapidly tuning from 
one end of the band to the other. Many 
sets had this function in the 1930s and 
1940s and I’ve usually found them 
easy to use. 

Marcus’ next task was to obtain a 
230V AC to 2V DC and 135V DC power 
supply. Fortunately, suitable kits are 
available commercially and so one of 
these was assembled and tested. (Note: 
a design using readily-available parts 
and with various output voltages will 
be described in a future Vintage Radio 
column). 

Having completed the power sup- 
ply, Marcus connected an antenna 
and an earth (via a 10nF capacitor to 
chassis) and switched the set on. The 
result was complete silence, despite 
the fact that most of the critical parts 
had been checked and the obvious 
faults fixed. 

It didn’t take long to track down 
the problem. A close inspection soon 
revealed that the speaker transformer 
had been replaced at some stage and 
the speaker cone had also been dam- 
aged. Unfortunately though, the flex- 
ible wires that connect the voice coil 
to the speaker transformer had been 
broken. 

This fault was quickly repaired us- 
ing some flexible wire from a defunct 
loudspeaker, while the hole in the 
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The old Airzone’s chassis was in remarkably good condition for its age, with 


all the labelling still intact. Unfortunately, someone had tampered with the 
circuitry, although the problems were soon sorted out. 


speaker cone was repaired by gluing a 
thick paper covering in place. This was 
the original speaker, so it was worth 
spending the time to repair it. 

Marcus was not happy about the 
speaker transformer being mounted 
directly on the speaker, however. The 
reason for this was simple — if anyone 
was to remove the speaker plug on the 
back of the chassis while the receiver 
was operating, the 1F5G output valve 
would have no voltage on its plate but 
full voltage on its screen. 

It would not survive this sort of 
treatment for long and so, despite 
detracting from originality, Marcus 
decided to mount the transformer on 
the chassis, with only the voice-coil 
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leads going to the speaker via the plug. 

In fact, it would not have been dif- 
ficult for Airzone to have corrected 
this problem. They could have easily 
wired the receiver so that the HT to 
the entire circuit was removed if the 
speaker was unplugged, thus saving 
the 1F5G from destruction. As shown 
in Fig.2, the modification is so simple 
that it makes one wonder why Airzone 
didn’t do this. 


It still didn’t work 


The set was tested again following 
the loudspeaker repairs but it still re- 
fused to work. As a result, the voltages 
around each stage were checked and 
this revealed that V1’s plate had no 
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Fig.2: this circuit shows how the unit could have been wired so that the HT 
to the valves was removed if the speaker assembly was unplugged. 
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The original loudspeaker required some 


work to get it going again, including 


a patch on the paper cone. The flexible wires that connect the voice coil to the 
speaker transformer had also been damaged and required replacement. 


voltage on it. Once again, the cause 
was simple — an RF (radio frequency) 
choke in the plate circuit had gone 
open circuit. 

Just why there’s an RF choke in this 
location is a mystery and the circuit 
certainly doesn’t show one. My theory 
is that it may have been added to over- 
come some instability. It was replaced 
with a small resistor-style RF choke 
but the receiver still refused to work. 

It was then found that the earlier 










In adeparture from our usual Photo Gal- 
lery feature, this month we are publicising a 
huge vintage radio and phonograph event. 
Scheduled for September, it will feature a 
vast range of collectibles for sale and free 
workshops. 

This can be a great opportunity to start 
or expand your collection, see the best col- 
lectables and learn restoration techniques. 
There is no bigger event in Australia for 
these collectables. 

Vintage radio is so popular that this na- 
tional event is now staged every two years 
in the nation’s capital. Titled the “HRSA 
Radio Fest” (previously called the “National 
Radio and Phono Fest”), it attracts big 
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“restorer” had wired gangs two and 
three together at the switch. Once that 
had been corrected, the receiver came 
to life and it was possible to tune sta- 
tions at good volume. 

A quick check revealed that the IF 
alignment was close to optimum, as 
was the alignment of the front-end 
stages around valves V1 and V2. This 
is a tribute to the quality of the compo- 
nents used by Airzone in this receiver. 
All that was left to do was to replace 


By KEVIN POULTER 


crowds of HRSA (Historical Radio Society 
of Australia) members plus members of 
affiliated groups and an enthusiastic public 
to Canberra each spring. 


In the beginning... 

RadioFest began in late 2000 when 
Richard Begbie, a relatively new member 
of the HRSA, attended their meeting in 
Sydney. He suggested that with the co- 
Operation of similar groups around the 
country, there might be room for some- 
thing bigger — a national event. 

And so the first “National Radio and 
Phono Fest” was organised for September 
2001. A church hall was hired but it soon 













some defunct dial lamps and fix the 
volume control. 

A switch-potentiometer was used 
for the original volume control and as 
the on/off switch. However, because 
the new power supply had its own 
on/off switch, Marcus decided to fit 
an ordinary potentiometer instead. 

The shaft on this replacement unit 
was still too short and so an extension 
had to be fitted. A brass extension shaft 
was scrounged from his spare parts bin 
while a sleeve to join the two was made 
from some 16mm-diameter round 
aluminium bar. This was turned down 
in a lathe and drilled through with a 
0.25-inch hole. Finally, two holes were 
drilled and tapped along one side to 
accept the grub screws. 

At this stage, the technical restora- 
tion was complete and the set has 
now been returned to its owner so 
that the cabinet can be restored to its 
former glory. 





Summary 


This set’s performance is superb, 
with distant stations like 5CK (about 
750km away from my location in coun- 
try Victoria) being heard in daylight at 
a reasonable level. It only has around 
350mW of audio output but this is 
more than adequate due to the effi- 
ciency of its loudspeaker and the use 
of a decent baffle in the large cabinet. 

In summary, it’s a set that’s well- 
worth having in any collection. SE 


became apparent that it wouldn’t be big 
enough. An adjoining hall was also taken 
over and by the time the RadioFest doors 
opened to the public, both halls were 
jammed with gear for sale. Stallholders and 
visitors from as far away as Japan were 
equally enthusiastic about the day and 
everyone — with the possible exception of 
the stunned organiser — declared it must 
happen again. 

Of course, its ongoing appeal also has 
much to do with Canberra’s other attrac- 
tions like the War Memorial, the Film and 
Sound Archive, the National Museum and 
the beginning of the capital’s annual garden 
festival. If you get sick of looking at dusty 
valve technology, there are lots of other 
things to see and do. 

RadioFest offers much more than the 
usual Swap meet. Beyond the large trading 
halls, there are also workshops by experts 
on technical, mechanical and restoration 
matters. A dinner on the Saturday night 
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provides the chance for radio enthusiasts 
to get together and share their knowledge 
and experience. 

Because of ongoing space demands, the 
show was soon moved to University House 
in the grounds of the ANU (Australian Na- 
tional University) and has since continued 
to expand. The dinner became a highlight 
for many, while others eagerly stocked up 
on rare vintage parts, early phonographs, 
intriguing radios which tell the story of 
broadcast radio and must-have sets of 
the type seen regularly on TV collectors’ 
programs. In addition, films are made of 
the various workshops and distributed to 
enthusiasts around the country. 

This year it’s on again and the anticipat- 
ed crowd sizes have dictated yet another 
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change in venue, this time to the Kamberra 
Wine Centre (yes, the spelling is correct) 
over the weekend from 18-19th Septem- 
ber. Moreover, the HRSA has officially 
taken over the event for what promises to 
be a bumper Fest. An added feature this 
year will be a display of some of the best 
early radio collectables, including many 
unique items in Australian radio history. 

Richard Begbie said the national event 
had become a huge logistical effort and 
welcomed the HRSA’s involvement in the 
organising. “l am delighted that the HRSA 
has taken over this event”, he told me. “The 
Society is its natural home and it’s the 
kind of thing they'll do well. And besides 
—there’ll be more people to do the work!” 

Mike Osborne, president of the HRSA 
agrees. “I’ve watched the Canberra Fest 
grow from its beginnings and have 
personally enjoyed every aspect of its 
development. It’s a great step forward for 
the society to be taking responsibility for 
a national event”. 

The Kamberra Wine Centre, Federal 
Highway, Watson ACT is a terrific venue, 
with good access from the Federal and 
Barton Highways. If you want to know 
more, visit the HRSA’s website at www. 
hrsa.asn.au and click on “RadioFest” for 
the location map and dates. 

So how do you secure a place at this 
outstanding event? 

If you have something to sell, stall tables 
are fast running out with just one size 
left — 1800 x 760mm (6ft x 2.5ft). These 
are available for $25 each. Stall tables are 
available to HRSA members and affiliated 
groups only, however there is still time to 




























Sit-down dinner, Saturday 7pm 
— great entertainment, including a 
guest speaker. Preview display over 
pre-dinner drinks. 

Bumper market from 9am Sun- 
day — parts, radios, ephemera. 

Genuinely unique historic items 
in multiple displays. 

Professionally-presented work- 
shops, including: 

(1) The History & Mystery of the 
Valve. 

(2) J. G. Balsillie — The Forgotten 
Australian Radio Pioneer. 

(3) Timber Cabinets —- When And 
How To Restore. 

The HRSA Annual General 
Meeting (members only) — to be 
held on Sunday night, with mem- 
bers from all over Australia. 






join the HRSA, for $35 per year. This fee 
includes the “Radio Waves” magazine. For 
stall bookings, contact Richard Elliott on 
(02) 4846 1096 or email him on lambdas@ 
optusnet.com.au 
The Sunday entry to the event is $5 per 
person or $10 for a family (stallholders 
exempt). The dinner function is $40 per 
person or $75 per couple. The bar opens 
from 6:15pm. For bookings, contact John 
Carr on (02) 6226 3230 or Richard Elliott 
n (02) 4846 1096; email lambdas@ 
optusnet.com.au 
Accommodation options range from 
camping grounds to five star. For details, 
including distance from venue, contact 
Richard Elliott. Other queries can be 
directed to Richard Begbie on (02) 6238 
2246; email rh@bordernet.com.au SC 
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PC-controlled 


burglar alarm 


I have a problem with the PC-Con- 
trolled Burglar Alarm. When I am in 
the arm/disarm menu or in the comms 
set-up menu, the red LEDs are always 
off no matter what changes I make to 
the program. The buttons concerning 
the strike doors work but the red LEDs 
remain off whether I arm or disarm the 
corresponding zone. 

The PC Tx/Rx LED works fine; it 

flashes at varying speeds. I use a laptop 
with a USB-to-serial interface. Can you 
please help. (I. P., via email). 
@ Check the connection between 
pins 5 & 6 of IC1 to pins 11 & 10 of 
1C4. Check that IC4 has a +5V supply 
at pin 16 and OV at pin 8. Check that 
the LEDs are oriented correctly. Check 
the connection from pin 7 of IC1 to the 
base of Q6 via the 1.2kQ resistor. Make 
sure there is a 100kQ resistor from pin 
6 of IC1 to the 5V supply. 


Using a 3G modem 
with the WIB 


I have been rather interested in the 
well-written and explained article on 
the mysteries that revolve around the 
Web Server In a Box project. Could 


this WIB be used somehow with the 
3G wireless modems, like the Huawei 
169 USB unit, for example? 

At present, my 3G modem is through 
Optus which links to Virgin Blue. I 
hope you can help me. By the way, 
this is a great project that could help 
with remote data-logging and do it in 
a way that is very economical. 

I have been waiting for years for 
someone to do this. (A. M., Warrnam- 
bool, Vic). 

@ You will need a modem with an 
ethernet rather than a USB connection 
to use with the WIB. To be able to use 
a USB modem, you would need a USB 
host and the WIB has no hardware sup- 
port for a USB host as it stands. How- 
ever, there are 3G wireless modems 
which have an ethernet connection 
and these should work with the WIB. 


Class-A 20W 


amplifier question 

For my active speaker project, I 
need to build two 20W class-A stereo 
amplifiers without the preamps (SILI- 
CON CHIP, May 2007). Unfortunately, 
Altronics does not supply the shielded 
16V+16V, 160VA toroid transformer 
separately from the kit (K5125). Could 
you please indicate if I can use an 


18V+18V 160VA toroid, or should I 
use a 15V+15V 160VA toroid? 

I will relocate the transformer to a 
separate enclosure to stop the elec- 
tromagnetic field from affecting the 
performance of amplifier modules. (D. 
H., via email). 

e@ Assuming you cannot purchase 
the specified shielded 160VA trans- 
former, your next best approach may 
be to buy a 300VA 15V+15V toroidal 
transformer and as you suggest, house 
it in a separate box. Since the load on 
the transformer will be less than 100W 
for the two 20W modules, its output 
voltage is likely to be close to 16V+16V 
and therefore the amplifier operating 
conditions should be much the same. 

The bigger transformer should also 
have less tendency to buzz audibly 
at the reduced load although it will 
still radiate the same magnetic field 
intensity. 


Replacing the amplifier 


modules in an ETI 5000 


I am about to build two Ultra-LD 
Mk.2 amplifier kits (SILICON CHIP, 
August & September 2008) and two 
new power supply boards. These will 
replace my ETI 5000 amplifiers and 
power supply in the same 3-unit case. 


Troubleshooting}ThejHigh-Quality:Stereo) DAC) Project 


I’ve completed the input board 
of the Stereo DAC (SILICON CHIP, 
September, October & November 
2009) and it does not recognise when 
digital data is being sent through 
optical or coaxial cable. 

After I plug in the optical cable 
and there is no data transmitted, the 
yellow LED is on. After I start play- 
ing anything, the green LED should 
turn on but it doesn’t. 

I’ve checked whether I have all the 
parts where they should be and I do 
not see any problem. Can you please 
advise how to debug this problem? 
(R. D., via email). 

@ The first step is to measure the 
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voltage at pin 15 of IC4 (ATMEGA- 
48/V) relative to ground (pin 22). If 
a valid signal is present, it should 
read close to OV. If it is around 5V, 
this means that IC3 (DIR9001) is not 
receiving a signal. In that case, you 
should check IC3’s power supply 
(ie, the 3.3V rail) and ensure that it 
is operating correctly. 

If you have an oscilloscope or a 
frequency counter, monitor pin 13 
of IC2 and make sure it is delivering 
a 3-8MHz square-wave pulse train. 
If pin 15 of IC4 reads OV but still no 
LEDs are lit, then the problem may 
be with IC4. It could be incorrectly 
programmed or defective. Check the 


voltage at pins 5 & 6 of IC4 relative 
to ground (pin 8). If there is a valid 
signal present but no audio, pin 5 
should read 5V and pin 6 should 
be at OV. 

If there is a valid signal and audio, 
pin 5 should be at OV and pin 6 at 
5V. If both are at OV and pin 15 is 
at OV, then the ATMEGA48 is not 
programmed correctly or faulty. 

If you get a reading near 5V at 
either pin 5 or pin 6 but the yellow 
and green LEDs are not lit, the ribbon 
cable connecting the input board to 
the front panel is probably faulty. 
Either that or the LEDs are installed 
backwards. 
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However if possible, I would like to 

use the original transformers, except 
that their secondary voltage is 42V-0- 
42V AC, as opposed to the 40V-0-40V 
as recommended for the Ultra-LD 
amplifier. Would the extra DC voltage 
be a problem and would it affect the 
specification of the amplifier. (L. W., 
Bega, NSW). 
e@ The slightly higher transformer 
voltage should cause no problems 
and will lead to a slight increase in 
maximum power output. 


Digital sampling of 
IR remote controls 


I am wanting to monitor and study 
the output of some infrared remote 
controls using the IR Remote Control 
Tester (SILICON CHIP, January 2009) and 
an oscilloscope. 

Unfortunately, my analog scope is 
hopeless due to the random nature of 
the output of a lot of remote controls. 
Obviously, a digital scope is required 
but I was wondering if there is a 
cheaper method. 

I was thinking that maybe a multi- 
meter with a data logging computer 
interface, such as those sold by Jaycar 


Transistor Voltage Ratings In'S€480/ Amplifier 


I know that the SC480 amplifier 
(SILICON CHIP, January & February 
2003) is an old design but I’m won- 
dering about the reliability of using 
the 2N3055/2N2995 devices with 
a +40V supply as these transistors 
have a Vcgo of only 60V. The full 
rail voltage swing of around 70V or 
80V would be seen by the output 
transistors. 

I have had two failures of the 
output transistors over the last year 
and not under full power conditions 
and suspect they failed due to the 
Vcro rating of the transistors being 
exceeded. The TIP35/36C transistors 
would not have this problem since 
their Vcgo is 100V. (D. D., via email). 
@ You are the first reader to com- 


or Altronics, would suffice? (J. C., 
Toormina, NSW). 

@ Most multimeters with an IRDA 
computer serial interface have an 
update rate which is far too slow for 
decoding infrared remote control 
protocols. 


plain about transistor failures, so 
we wonder if you have come across 
some low-spec devices. In fact, the 
Vcro rating (60V), referring to the 
transistor’s collector-emitter rating 
with the base open-circuit, is unre- 
alistic, since transistors are virtually 
never operated in this condition. 
More realistic is the Vcgr rating 
(70V). 

Even so, the peak-to-peak swing at 
the output is less than 60V so unless 
the amplifier was being driven hard 
into clipping, the ratings are never 
likely to be exceeded. 

Over the years, the SC480 has 
proven to be a very reliable design. 
It is still available as a kit and is 
very popular 


There are bench meters such as the 
PicoTest M3510A (which we reviewed 
in April 2010) that can sample fast 
enough to decode the infrared pro- 
tocol. The M3510A can take 50,000 
readings per second and typical in- 
frared protocols involve pulses a few 
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Ihave built your Charge Controller 
For Lead-Acid Batteries, published 
in the April 2008 edition. You state 
in your circuit description that 
the PIC microcontroller delivers a 
square-wave signal from its pin 9 
(PWM) output. 

However, as viewed on my scope, 
pin 9 is delivering something that 
looks more like a steep-sided sine- 
wave. At the combined emitter 
outputs of transistors Q2 and Q3, 
the signal looks like a compromise 
between a square and a sinewave 
(sloping sides with flattish tops). 

Is this a problem and if so, how 
can I get a square-wave to appear? | 
have noticed when the charge con- 
troller is in circuit, the battery volt- 
age (measured at the battery) jumps 
around quite a bit and remains below 
the default settings of 14.4V for bulk/ 
absorption and 13.8V for float. 

Is that to be expected or can the 
voltage be stabilised at the stated 
default levels? The charging current 
is provided by photovoltaic mod- 


hundred microseconds long. However, 
this meter costs more than some cheap 
digital oscilloscopes so it doesn’t re- 
ally solve your problem. 

The Salae Logic analyser we re- 
viewed in September 2009 is much 
closer to what you want. At the time, it 
cost US$149. It plugs into a computer 
and samples up to eight channels at 
a sufficient rate for what you want. 
The alternative is to buy a digital 
oscilloscope and these are becoming 
surprisingly affordable. 


UHF control system 


needs solar backup 

I recently purchased the 433MHz 
UHF Remote Switch kits (SILICON 
Cup, January 2009). They were easy 
to assemble and they work perfectly. 
I thought that I may have been able to 
adapt them to my needs but I need a 
little assistance. 

With regard to the receiver unit, 
I need to install it in an area where 
there is no power supply (eg, garden 
sprinklers with latching solenoid) and 
I am using the momentary switching 
function for three seconds. I did test 
the receiver on a 9V battery and the 
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ules. (C. B. Bundagen, NSW). 

@ The waveforms may be a little 
distorted from their true square wave 
shape due to loading on pin 9 when 
the signal is close to OV and at the 
5V rail when Q3 and Q2 switch on. 
Similarly, the emitters of Q2 and 
Q3 may slew rate limit due to the 
transformer load applied via the 
series 3.3nF capacitor. 

As for the charging voltages, the 
battery voltage will be higher when 
charging and lower when not charg- 
ing as current is switched on and off 
via Mosfet Q1. This is normal. You 
can reduce this effect if the 100% 
charging trimpot (VR1) is set higher 
than 1V to keep Q1 on during bulk 
charge. 

The voltage is varied depending 
on temperature and is dependent 
on the VR4 setting, ranging up to 
50mV/°C above 20°C. This may not 
seem like much but on a hot day at 
(say) 35°C, the voltage will typically 
be 0.525V lower for the cut-off and 
float voltage if VR4 is set for 5V. 





whole circuit works OK. The problem 
here is that the power consumption 
of 7mA during idle soon depletes the 
battery. 

There are commercial brands of 
similar design UHF receivers being 
used in garden irrigation systems and 
they use a 9V battery. The battery is 
installed in a very compact receiver 
case, in a valve box with connection 
to a latching solenoid. 

The valve box, receiver unit and 
solenoid are remotely located well 
away froma power supply. The manu- 
facturer claims that the battery will 
last for up to 12 months and they use 
the same latching solenoid as mine. 

I am hoping that you can advise 

me of an enhancement so that I can 
obtain the same performance. (N. S., 
via email). 
@ Unfortunately, the receiver was 
not designed for low-power consump- 
tion as the UHF receiver needs to be 
permanently on so as to detect a sig- 
nal from the transmitter at any time. 
Without drastic circuit and software 
changes, the circuit is not suited for 
low-power use. 

Garden irrigation systems can be 
designed for low current consump- 





tion whereby power is applied to the 
receiver once every 20s (say). The 
transmitter would be designed to send 
a signal for longer than this period 
when a change from the receiver is 
required. By doing this, the receiver 
receives the signal even if it is left 
unpowered most of the time. 

If you wish to use the existing UHF 
receiver, then perhaps a 12V SLA bat- 
tery and a solar cell charger could be 
used for the supply. 


Batteries for a vintage 


portable radio 


I recently bought a Healing Golden 
Voice portable radio. It has no batter- 
ies and I don’t know what voltage it 
is. Is there any way of connecting a 
suitable power supply so I don’t have 
to use batteries? 

If not, where do I buy batteries to 

suit? It has two 3-pin plugs and one 
2-pin plug. I did get some information 
from the Victorian Museum but am 
not sure how to interpret it. (T. V., Mt 
Martha, Vic). 
@ Ascopied froma reply you received 
from the Victorian Museum, the sup- 
ply voltages for the radio are 1.5V and 
90V. The 2-pin plug plugged into the 
1.5V “A” battery, while the two 3-pin 
plugs connected to a pair of 45V “B” 
batteries. The “A” battery was usually 
a long rectangular box with a number 
of 1.5V cells in parallel and the valve 
heater current drain was 300mA. 

The load on the “B” battery was 
13mA. The “B” batteries would have 
been Eveready Minimax type 482, 
while the “A” battery would have been 
a type 742 or 745. These have not been 
made for many years. 

The 1.5V rail could be supplied 
using an alkaline D cell, with a D cell 
holder. The 45V at 13mA can be ob- 
tained by connecting five 9V batteries 
in series using battery snap connectors 
but they would not last long at a cur- 
rent of 13mA. 

We have not published a power sup- 
ply for such a radio although if there 
was significant interest it would be a 
relatively simple exercise. 


Dremel engraver 


tool repair 

Ihave been asked to repair a Dremel 
engraver tool and it appears to have a 
Triac or thyristor in it as part of the 
speed control. Do you know what 
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Problem With Programmable Ignition System 


I have constructed the Program- 
mable Ignition System, together with 
Knock Sensor, Ignition Coil Driver 
and Hand Controller (SILICON CHIP, 
March, April & May 2007). The 
problem is that as soon as power is 
connected, the unit goes straight into 
the oscillating mode. 

Using the Hand Controller, I can 
turn the oscillation off OK and it will 
stay that way while power is con- 
nected. However, as soon as [remove 
the power and power up again, the 
oscillation starts. This occurs regard- 
less of the position of LK1. 

In addition, the display on the 
Hand Controller often shows incor- 
rect characters, eg, “W” instead of 
an “S”, an “M” instead of an “I”, a 
“|” instead of a “Y”. The characters 
substituted are four apart on the 
ASCII table, suggesting one bit is 
being set when it shouldn’t be. 

Ihave carefully checked the main 


3-pin TO-220 device would be used 
as the Triac or thyristor and would the 
electric motor actually run OK with the 
full 240V on it, even though it would 
spin its head off? (P. H., via email). 

@ If your Dremel is a 240V tool with 
in-built speed control, the motor itself 
is likely to be rated to run at 180VAC. 
Running it at 240V may blow it. 
Without more information about the 
devices used in the speed control, we 
cannot nominate a substitute. 


GPS module 
availability 


I have two questions in reference 
to the GPS-Based Frequency Refer- 


board and the Hand Controller 
board for soldering errors, checked 
resistances between data lines etc 
and cannot find anything wrong. 
I believe there is an error in the 
preloaded software of the PIC con- 
troller and I need to know how I can 
get it fixed. (W. H., via email). 

@ The oscillator mode can be set 
to off by powering up, turning off 
the oscillator and then changing the 
edge sense from the current setting 
of either high to low or low to high. 
You then change the edge sense back 
to the original setting again. Doing 
this will keep the oscillator off at 
power up. 

Changes to the display characters 
indicates interference or a connect- 
ing cable for the Hand Controller that 
is not earthed. Try earthing the shell 
of the cable. Also make sure the lead 
is well away from the high-tension 
wiring of the ignition. 


ence (SILICON CHIP, March 2007). The 
Garmin GPS 15L receiver module 
specified is no longer available. Is there 
an alternative? Is it possible to use a 
GlobalSat Technology EM-408 GPS 
module in its place? (R. H., via email). 
@ It would appear that the Garmin 
15L receiver module is no longer avail- 
able in Australia, even though Garmin 
still has it listed as a current product 
on their US website. We contacted the 
local office of Garmin, which advised 
that head office is no longer making it 
available here. However, you should 
still be able to order one online, from 
one of the overseas distributors. 

The GlobalSat Technology EM-408 
is unfortunately not suitable for use 
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in the GPS Frequency Reference, as it 
does not provide a 1pps output. 


Amplifier for a 
knock detector 


Tam currently working on a project 
to make a listening device using the 
Champ amplifier (SILICON CHIP, Feb- 
ruary 1994) and the Pre-Champ (July 
1994) connected to an electret mic 
insert. 

The purpose of this project is to 
make a knock detector to use while 
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The)Virtues)Of|/Non-Inductive)Resistors; 


Iam building the Studio 350 Pow- 
er Amplifier (SILICON CHIP, January 
& February 2004) from individual 
parts (not a kit) and have a question 
about the eight 0.47Q and one 6.82 
5W ceramic wirewound resistors. 
Would there be any advantage or 
disadvantage in using non-inductive 
5W ceramic resistors in this module? 

Also, regarding the 330pF, 68pF 

and 10pF ceramic disc capacitors, 
would there be any advantage or 
disadvantage other than cost in us- 
ing silvered mica capacitors in the 
Studio 350? With the 12nF 100V 
MKT polyester capacitor, could 
a 10nF or a 15nF be used instead 
without having any problems? (P. 
C., Whitebridge, NSW). 
@ There is no disadvantage in us- 
ing non-inductive resistors in any 
audio circuit but in the case of this 
amplifier there could be an advan- 
tage. In the past, we have specified 
paralleled carbon resistors instead 
of 5W wirewound emitter resistors, 
in two instances. 

The first was in another “life”, in 
the design of the Playmaster 60/60 
(“Electronics Australia”, May, June & 
July 1986). In that case, the complete 


tuning vehicles. I have made the kit 
and it works well. However, I would 
like to improve it by filtering out the 
frequencies I don’t need. 

I was planning on making a band- 
pass filter and adding it to the circuit 
but after some research I noticed there 
are high and low-pass filters in the 
Pre-Champ. Can I change the value of 
the capacitors and resistors to roll-off 


Digital Audio Signal Generator 
(March-May 2010): there is a bug 
in the firmware. If the default sam- 
ple rate is changed from 48kHz (ie, 
settings are written to Bank 0 after 
the sample rate is changed) then the 


generator will fail to start up. 

The solution is to reflash the dsPIC 
microcontroller (IC4) with a new 
version of the firmware (0420310C. 
hex). This revised firmware can be 
downloaded from the SILICON CHIP 
website. 
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stereo amplifier was on one very 
large PC board which included all 
the low-signal connections from the 
rear panel to the front-panel selector 
switch via unshielded copper tracks. 
Hence, it was important to keep any 
signal radiation from the amplifier’s 
emitter resistors to a minimum. 
The second instance involved 
both versions of the Ultra-LD Stereo 
Amplifier (SILICON CHIP, March & 
May 2000 and November 2001 to 
January 2002). These used ribbon 
cable for the input signal wiring to 
the selector switch and again, we 
wanted to minimise radiation from 
the amplifier’s output stage resistors. 
So unless you have unshielded 
low-level signal wiring in the same 
case as a big power amplifier, non- 
inductive resistors should not nor- 
mally be required. There is more to 
the story, though. First, some much 
older amplifier designs presented 
in other magazines were specified 
with non-inductive emitter resistors 
in the output stages to minimise 
the effects of inductance on the 
non-linearity of the transfer curve, 
ie, inductive resistors apparently 
made crossover distortion worse. We 


all values outside of 5-10kHz? (J. W., 
via email). 
@ The filters can be changed. Use a 
330nF capacitor instead of the 22uF 
in series with the 100Q resistor for a 
high-pass filter at 5kHz. The .0015yF 
(1.5nF) capacitor across the 2.2kQ re- 
sistor can be changed to 6.8nF to give 
a low-pass filter at 10kHz. 

Further roll-off below 5kHz can 


Dual Tracking Power Supply (June- 
July 2010): the labels for V+ and im 
were swapped on the front panel 
artwork. Updated front panel art- 
work has been provided to the kit 
suppliers and is now available on 
the SILICON CHIP website. 

In addition, some constructors 
have found that VR7 has insufficient 
range to properly trim the V+ read- 
ing. In this case, increase the value 
of its 68Q shunt resistor or remove 
the shunt resistor entirely. 








cannot remember the specifics but 
it may have been more applicable 
to power Mosfets than to bipolar 
transistors. 

More recently, readers will be 
aware that we have done quite a lot 
of work with the PC board layout 
of recent amplifier designs to mini- 
mise or cancel the radiation of the 
magnetic fields produced by class-B 
output currents into the small signal 
stages. The best and most effective 
example of this is the double-sided 
PC board for the Ultra-LD Mk.2 
Amplifier module featured in the 
August & September 2008 issues. In 
that case, we did not try the effect of 
substituting non-inductive emitter 
resistors. Possibly, we should have 
and we may try it in the future. 

So with respect to the Studio 350, 
it is possible that non-inductive 
resistors could reduce the rise in 
harmonic distortion at the higher 
frequencies. 

As far as the capacitors are con- 
cerned, the 68pF unit must be rated 
at 250V or higher. The dielectric is 
unimportant. The 12nF value is not 
critical; use 15nF if that is more eas- 
ily obtainable. 





be achieved by changing the 0.1pF 
capacitor (100nF) at the input of the 
amplifier to a 560pF ceramic capacitor. 


GPS-synchronised 


clock queries 


I built the GPS Clock (March 2009) 
and I have a couple of queries. When 
testing the DC converter output volt- 
age before installing the EM-408, the 
start-up LED flashed once, then twice 
and the converter gave a voltage of 
3.27V. However, this voltage did not 
cut out after two minutes as stated in 
the text and was still there after one 
hour. Why would that be? 

In addition, 3.27V seems a little 
low. How can I increase this to 3.3V 
or is it OK? 

The diagram of the EM-408 connec- 
tions in Fig.1 seems to redrawn from the 
Users Manual but with the pins in the 
high position, which would indicate 
that the unit is mounted the other way 
up to your article. Consequently, the 

... continued on page 103 
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PIC IN PRACTICE 


Based on popular short courses on the PIC, for profes- 
sionals, students and teachers. Can be used at a variety 
of levels. An ideal introduction to the world of micro- 

controllers. 255 pages in paperback. 
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PIC MICROCONTROLLERS: PIC 


know it all 

The best of subjects Newnes authors have written 
over the past few years, combined in a one-stop 
maxi reference. Covers introduction to PICs and their 
programming in Assembly, PICBASIC, 

MBASIC & C. More than 900 pages 

paperback. 
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with the PIC. It assumes no knowledge of microcon- 

trollers — ideal introduction for students, teachers, 

technicians and electronics enthusiasts. Revised 3rd 
edition focuses entirely on re-programmable 
flash PICs such as 16F54, 16F84 12F508 and 
12F675. 226 pages in paperback. 


USING UBUNTU LINUX 


Ubuntu Linux is a free and easy-to-use operat- 
ing system, a viable alternative to Windows and 
Mac OS. Introduces Ubuntu, tells how to set it 
up, covers the various Open Office applications 
and gives troubleshooting hints and tips. Highly 
recommended. 

222 pages in paperback 


PROGRAMMING 16-bit MICRO- 
CONTROLLERS IN C 


Subtitled Learning to Fly the PIC 24, a Microchip insider tells 
all on the newest, most powerful PICs ever! Condenses typical 
introductory “fluff' focusing instead on examples and exercises 
that show how to solve common, real-world design problems 
quickly. Includes handy checklists. 
FREE CD-ROM includes source code in C, the 
Microchip C30 compiler, and MPLAB SIM. 
400 pages paperback. 
CD-ROM included! 
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ae | every time 

/ The complete guide to home and property systems. 

? Covers the ramifications of lighting, fridges and freezers, 
air conditioning, washing machines and driers and much 
more on solar systems; also covers solar basics and how 
to conduct an energy audit. As reviewed in Siticon CHIP 


| | November 2008. 112 pages. 
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Essential information for anyone travelling Australia, or just 
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wanting to know the channels, polarity and location of all 
television transmitters and translators from coast 
to coast. Plus coverage maps, tv transmitter data | 
... everything you need to know inthe one place 
for the first time! 
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PRACTICAL GUIDE TO SATELLITE TV 


Written in Australia, for Australian conditions by one of Aus- 
tralia's foremost satellite TV experts. If there is anything you 
wanted to know about setting up a satellite TV system, 
(including what you can't do!) it's sure to be covered 

in this 176-page paperback book. 


| NEWNES GUIDE TO 
TELEVISION & VIDEO TECHNOLOGY 


It's back! Now in a new edition provides a full and com- 
prehensive coverage of video and television technology 
including HDTV and DVD. Starts with fundamentals so is 
ideal for students but covers in-depth technologies such 
as blu-ray, DLP, Digital TV, etc so is also perfect for 
engineers. 600+ pages in paperback 











RF CIRCUIT DESIGN 


A new edition of the classic RF circuit design book. RF 
Circuit design is now more important that ever in the 
wireless world in which we live. In most of the wireless 
devices that we use there is an RF component — this 
book tells how to design and integrate in a very practi- 
cal fashion. 244 pages in paperback. 
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We asked our Zigbee guru, Telelink's Jack Chomley, to com-Jaae 4 Ay 
ment on this book and he said a lot of it is pretty in-depth —_ . 


but, if you want to learn all about Zigbee oh 
you'd go a long way to find a better reference ae 
than this one. 336 pages in paperback. 
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Motorhomes 


Fifth Wheelers 
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All the information you need for successful solar installation 

in mobiles.An expert on getting the most out of solar systems, 
Collyn Rivers dispels many of the myths and helps you get it 
right when there is no mains power available. 

e As reviewed in Siticon CHiP November 2008. 82 pages. 
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AC MACHINES 
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motors, synchronous machines and polyphase 
motor starting. 160 pages in paperback. 
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WAuxiliarly Subsystems. Not cheap and not 


A guide to DVD technolo gy and applications, with particular id meee eden, you want this one! 
focus on design issues and pitfalls, maintenance and repair. Crh — 463 pages in paperback. 
Ideal for engineers, technicians, students of consumer 
electronics and sales and installation staff. 319 pages SELF ON AUDIO 
in paperback. 















POWER AMPLIFIE R 
F N 








As reviewed in Siticon CHip February 2004. A collection of 35 classic magazine articles offering a de- 
pendable methodology for designing audio power amplifiers 
PRACTICAL VARIABLE SPEED DRIVES . in a way that improves performance at every point without 


AND POWER ELECTRONICS Variable Speen significantly increasing cost. Includes compressors/limit- \ { 


Pacem ers, hybrid bipolar/FET amps, electronic switching and 


Power Electronics 


more. 474 pages in paperback. 
An essential reference for engineers and anyone who wishes to i id 


design or use variable speed drives for induction motors. As 


reviewed in Siticon CHip September 2003. 288 pages. 3 PRACTICAL RF HANDBOOK 
ELECTRIC MOTORS AND DRIVES 


Brand new edition of this amazingly popular book. Intended 
for non-specialist users of electric motors and drives, filling 
the gap between academic texts and general "hand- 
books". Explores all of the widely-used modern types of 
motor and drive including conventional & brushless DC, 
induction motors, steppers, servos, synchronous and 
reluctance. 384 pages, soft cover 


SWITCHING POWER SUPPLIES A to Z 


Theoretical and practical aspects of controlling and measur- 
ing electromagnetic interference in switching power supplies. 
Includes flow-charts for building DC-DC 
converters and their magnetic compo- 





The latest guide to RF design for engineers, technicians, 
students and enthusiasts. Covers key topics in RF: analog 
design principles, transmission lines, couplers, trans- 
formers, amplifiers, oscillators, modulation, transmitters 
and receivers, propagation & antennas. 

279 pages in paperback. 

















BUILD YOUR OWN ELECTRIC 
MOTORCYCLE 


Alternative fuel expert Carl Vogel gives you a hands- 
on guide with the latest technical information and 
easy-to-follow instructions for building a two- 
wheeled electric vehicle — from a streamlined scooter 
nents under typical wide-input supply SD to a full-sized motorcycle. 384 pages in soft cover. 
conditions. 503 pages in hard cover. CD-ROM included, 


RADIO, TV AND HOBBIES April 1939 to March 1965 








fos) | 
Set 2. SCENT 
* rf AMERICAN 


THE AMATEUR SCIENTIST CD 


Brand new V4. 


Many thousands of copies now sold. ral r : = 

An incredible CD containing over AMATEDR Scieyrisry 

1000 classic projects, sourced from 

Scientific American over the past 73 years — 

covering every field of science. Very latest edition, just 
out. Suits ages 12 to adult and runs with any 
browser (on Win2000 or later). Recommended 







SCIENTIFIC 
«&\ AMERICAN 





: oO: This remarkable archival collection spans nearly three decades of 
g Australia's own "Radio and Hobbies'/"Radio TV and Hobbies’. Every Abs 
article has been scanned into PDF format — ready to read at your 





is required along with Acrobat Reader 6 or later). For history buffs, 

it's worth its weight in gold. For vintage radio enthusiasts, what could 
be better? For anyone interested in electronics, this is one which you 

MUST have in your collection! NB: Does not play on audio DVD players. 


i f leisure on your computer (obviously, a computer DVD-ROM reader 
t 


by the US National Science Teachers Assn. 





NOTE: ALL PRICES ARE PLUS P&P - NZ — $12.00 PER BOOK: REST OF WORLD $18.00 PER BOOK 
eMAIL(247) OR  FAX(207) OR PAYPAL(24/7) OF PHONE-(95,Mon-Fr) OF MAIL 


silicon@siliconchip.com.au Your order and card details to Use your PayPal account Call (02) 9939 3295 with Your order to PO Box 139 





with order & credit card details (02) 9939 2648 with all details silicon@siliconchip.com.au your credit card details Collaroy NSW 2097 


*ALL TITLES SUBJECT TO AVAILABILITY. PRICES VALID FOR MONTH OF MAGAZINE ISSUE ONLY. ALL PRICES INCLUDE GST 








MARKET CEN Ife 





Cash i in your surplus gear. Advertise ‘it here in SILICON CHIP 


High quality 

Realistic prices i 

Free software updates 

Large range of adaptors 
Windows 95/98/Me/NT/2k/XP 


CLEVERSCOPE 
USB OSCILLOSCOPES 
2 x 100MSa/s 10bit inputs + trigger 
100MHz bandwidth 
8 x digital inputs 
4M samples/input | 





Sig-gen + spectrum analyser 
Windows 98/Me/NT/2k/XP 


IMAGECRAFT C COMPILERS 
ANSI C compilers, Windows IDE 
AVR, TMS430, ARM7/ARM9 
68HCO08, 68HC11, 68HC12 


GRANTRONICS PTY LTD 


www.grantronics.com.au 





FOR SALE 





PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone (02) 9593 1025. 
sesame @sesame.com.au 
www.sesame.com.au 





terrystransistors.com.au: genuine 
MJE15030/31 BD139/40 2SA970 
BF469/470 MJE340/50 MJL4302A MJ- 
L4281A ON@$9.20 MJL21193/4 Mu- 
L1302A MJL3281A 2SA1085 MPSA42 
Cheap postage. 





LEDs! Nichia, Cree and other brand 
name LEDs at excellent prices. LED 
drivers, including ultra-reliable linear 
driver options. Many other interesting 
and hard-to-find electronic items! 
www.ledsales.com.au 





SPlLat= Tough times 


demand innovative solutions! 


In tough economic times you need to 
watch every dollar. SPLat 
embedded controllers 
give OEMs more 
functionality per 
dollar than any 
competing product. 
Check out our website 
today and discover how we can help you 
remain competitive. 
Made in Australia, used by OEMs world-wide 
splat-sc.com 













SPEAKERBITS 


HI-FI SPEAKER REPAIRS 


Specialisingin UK, US and Danish brands. 
Speakerbits are your vintage, rare and collectable speaker 
repair experts. Foam surrounds, voice coils, complete 
recone kits and more. Original OEM parts for Scan-Speak, 
Dynaudio, Tannoy, JBL, ElectroVoiceandothers! —§ 


03 9647 7000 





Printed Circuit Board Manufacture 
48-Hour service * High quality * Low prices 
; 1 offs to any quantity ° 
Artwork design if required 


5 > Yo Call for obligation free quote... tg 
: INSTANT PCBs, POBox We ‘Avalon 2107 elo 
Ph (02)9974 1189 Fax (02)9974 54: 





SPEAKERWORKS: technically qualified 
specialist (45 years) vintage, profes- 
sional, hifi speaker repairs. Original/ 
custom-made re-cones, diaphragms, 
modifications and upgrades. swa@ 
speakerworks.com.au 





KINSTEN: Make your own PCBs. 
Presensitised PCBs, chemicals, tools 
and Kynar wire. Phone 08 6465 9799 or 
order at www.kinsten.com.au 





RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM & others. Ph 
(02) 9738 0330. sales @rcsradio.com. 
au; www.rcsradio.com.au 
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HMI and PLC in One! Comfile Tech- 
nologies CuTouch (CT1721-C). Also 
available in Black and White screen 
for viewing outdoors. The CuTOUCH 
comes integrated with industrial con- 
troller, Blue & White Graphic LCD, 





ill aaasiatiiiatatiniiaeaiaiaal 
slat 


WOW! A QUALITY DSP 





HF COMMUNICATIONS 
m-_J RECEIVER FOR 10% OFF? 


Yes, it's true! Don’t let its tiny size}fool you. This powerhouse 
receiver covers the AM, FM, LW and entire SW bands from 
3.5 to 30MH7 — and bas genuine digital signal pracessing! 
Exclusive to Avcomm, 
the Tecsun PL-310 
normally sells for 
$90.00 but if you 
Say you saw it in 
SILICON CHip, Avcomm 
will give you 10% off 
(June/July only)! 


Hurry = stocks 
AWE NOW = (on) 0 

















Siomar Battery Engineering 
www.batterybook.com 
Phone (08) 9302 5444 


Vv; 


Australian 


Valve Audio 


Transformers 
Output Transformers 


Power Transformers 
WEB: WWW.AVAT.COM. AU 
Ph: 03 94316863 





touch-input processor, opto-isolated 
/O boards, analog inputs & outputs, 
and Plug-n-Play support for Relay 
boards. 64 I/O plus 6 channels PWM 
or DAC, 4 external interrupts, and 2 
16-bit counters. 

The CuTOUCH units can be pro- 
grammed in BASIC or Relay Ladder 
Logic using the Cubloc Studio Software 
available from our website. Applica- 
tions can range anywhere from home 
automation to industrial gas monitoring. 
By providing easy-to-use GUI tools, 
Comfile Technology guarantees you a 
competitive edge over any other touch 
screen products on the market today. 
Replace outdated PLC, push-buttons, 


www. siliconchip.com.au 











VIDEO - AUDIO - PC 


distribution amps - splitters 
digital standards converters - tbc's 
switchers - cables - adaptors 
genlockers - scan converters 
bulk vga cable - wallplates 











DVS5c & DVS5s 
High Performance 
Video / S-Video 
and Audio Splitters 















POOEEE 

B 90000066006 
og ts  ADOLEE 
292066 


VGA Splitter 
VGS2 





HQ VGA 
Cables 





AWP 
A-V Wallplate 

ae fis a OQUESTRONIX 
specialists. ~ 
Quest Electronics® Pty Limited abn 83 003 501 282 t/a Questronix 
Products, Specials & Pricelist at www.questronix.com.au 


fax (02) 4341 2795 phone (02) 4343 1970 
email: questav@questronix.com.au 


projects for hobby, @ ; 
school & industry 

Shop on-line at: 

www. kitstop.com.a 


electronics-the fun starts here 





small LCD combo with 1 single CuT- 
OUCH™. 

Many other Windows CE & XP PLCs, 
core modules and accessories. Call for 
info: sales @ ozcomfile.com.au or 1300 
208 570. www.ozcomfile.com.au 


WANTED 








CUSTOMERS WANTED: Truscotts 
Electronic World — large range of semi- 
conductors and passive components for 
industry, hobbyist and amateur projects 
including Drew Diamond. 27 The Mall, 
South Croydon, Melbourne. Phone (03) 
9723 3860. sales @electronicworld. 
com.au 





KIT ASSEMBLY 





KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon @ gmail.com 


siliconchip.com.au 





numbering does not align with 
the PC board, ie, pin 5 (Vcc) 
should be on the left of the dia- 
gram. The connections to the PC 
board seem correct, as in Fig.2. 
Am I correct? (N. U., via email). 
@ The cutout on initial start-up was 
subsequently changed to “forever” 
rather than the two minutes men- 
tioned in the article. The reason for 
this is that from a dead cold start 
(ie, the module has not been used 
for many months), it will take the 
module up to 12 minutes to receive 
a complete set of satellite position 
data before it could report “ready”. 

This issue only applies to the first 
start-up of the clock. On a normal 
synchronisation (while the clock is 
running), the micro will now wait 
for four minutes before declaring 
“no signal”. It will then will retry 
10 more times with a 4-hour gap 
between repeat attempts. 

A supply of 3.27V is fine and is 
well within tolerances. The module 
will happily run at anywhere from 
Sol Vato 3-5 Ne 

Fig.2 is correct — the lefthand wire 
of the module (viewed from the top), 
which is pin 5, should go to the left- 
hand solder point on the board (Vcc). 
The EM-408 pin diagram on Fig.1 
is shown with the module upside 
down (the PC board designation is 
actually the EM-408’s board). 


Unnecessary mods to 
Schoolies amplifier 


I have recently assembled a pair 
of 20W Schoolies amplifier modules. 
(SILICON CHIP, December 2004) and 
I believe there is a small design 
problem with your additional com- 
ponents that differ from the manu- 
facturer’s data sheet. 

I made some measurements be- 
cause the speaker protection unit I 
have started to activate. I discovered 
that 1.7V was hanging off the output. 


When I removed your additional 
components that voltage rail imbal- 
ance corrected itself. 

These are the changes I made: (1) 
10Q resistor replaced with wire link; 
(2) 330pF capacitor removed; (3) 
22uF capacitor replaced with what I 
had, a100uF 25V, for AC grounding; 
and (4) 1kQ resistor in series with 
pin 1 replaced with wire link. 

I also removed or bypassed the 
2.2uF 16V capacitor from the circuit. 
Now let’s get to the Zobel Network: 
it’s most certainly not working for 
these speakers and the 19 1W resis- 
tor has been removed. 

This amplifier is now starting 
to sound much better. With some 
good-quality filter capacitors in the 
power supply and a good-quality 
transformer, it will be a lot better 
then when I started. You can always 
improve on a design. (R. M., via 
email). 
® None of your modifications will 
make the amplifier better or improve 
its sound quality. Removing the 
2.2uF input capacitor means that 
any residual DC from your program 
source will be coupled though the 
amplifier to the speakers — that may 
be why your loudspeaker protector 
is operating. 

Removing the 1kQ and 330pF 
capacitors will make the amplifier 
more prone to RF breakthrough and 
certainly will not improve the audio 
response — it’s already flat to 100kHz. 

The original article explained the 
reason for the inclusion of virtually 
every component in the circuit — 
we would not have included them 
if they weren’t necessary. In fact, 
making arbitrary alterations to any 
amplifier circuit will generally cause 
the performance to be worse. 

Unless you have the test gear to 
check the effect of any alterations, 
you are working in the dark. Our sug- 
gestion is that you restore everything 
to the original circuit. sé 


| eee RA ae I GET EE 
Advertising rates for these pages: Classified ads: $29.50 (incl. GST) for up to 
20 words plus 85 cents for each additional word. Display ads: $54.50 (incl. GST) 
q per column centimetre (max. 10cm). Closing date: 5 weeks prior to month of sale. 4 


To book, email the text to silicon @siliconchip.com.au and include your name, 
address & credit card details, or fax (02) 9939 2648, or phone (02) 9939 3295. 
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Jaycar Electronics is a rapidly growing, Australian owned, international 
retailer with more than 60 stores in Australia and New Zealand. Due 
to our aggressive expansion program we are seeking dedicated sales 
professionals to join our retail team to assist us in achieving our goals. We 
pride ourselves on technical expertise from our staff. Do you think that the 
following statements describe you? Please put a tick in the boxes that do: 


0 Knowledge of core electronics, particularly at a component level 
0 Retail experience, highly regarded 
0 Assemble projects or kits yourself for your car, computer, audio etc 
0 Have energy, enthusiasm and a personality that enjoys helping people 
0 Opportunities for future advancement and development 
0 Why not do something you love and get paid for it? 
Please email us your applicaton & CV in PDF format, including location 
preference. We offer a competitive salary, sales incentive and have a 
generous staff purchase policy. Applications should be emailed to 


jobs@jaycar.com.au 








jaycar Jaycar Electronics is an Equal Opportunity Employer 


& actively promotes staff from within the organisation. 


Re ivi A RF Modules Australia 
Low Power Wireless Connectivity Specialists 
KDEC-433 Relay 


Relay Output Receiver 


KFX2-433 Keyfob | Applications: 


Code Hopping Transmitter Rural 
Utilities 
Industrial LED Indicators 
Power:5mW| Commercial | 5 Relay NO/NC 
1to5Buttons| Government | Low battery indicator 


LED Indication of Transmit | Security Systems | Learns upto 16 Keyfobs 


Range: 100m 


RF Modules Australia. P.O. Box 1957 Launceston, TAS., 7250. 
Ph: 03-6331-6789. Email: sales@rfmodules.com.au. Web: rfmodules.com.au 


PO Box 631, Hillarys, WA 6923 





There’s something to suit every ( 
radio frequency fan in the \ 
SILICON CHIP reference bookshop 


RF Circuit Design 

- by Chris Bowick 

A new edition of this classic RF 
design text - tells how to design 
and eaiats RF components into 
Virtually any circuitry. 375 


Practical RF H’book 

— by lan Hickman 

A reference work for technicians, 
engineers, students and the more 
specialised enthusiast. Covers all 
the key topics in RF that you 

need to understand oy | 


Practical Guide To 


Silicon Chip 
Circuit\Ieas 
Wanted 


Do you have a good 
circuit idea? If so, 
sketch it out, write 
a brief description 











fe) @ ite) el-le-ltlelgm ese iaent ion 


Provided your idea is workable 





| same are Ee 
| www. iinet.net.au/~worcom | 
WORLDWIDE ELECTRONIC COMPONENTS | 


i Ph: (08) 9307 7305 Fax: (08) 9307 7309 | 
Email: worcom@iinet.net.au | 








Satellite TV 

— by Garry Cratt 

The reference written by an Aussie 
for Aussie conditions.Everything 


you need to know. 
49 


You'll find many more technical 
titles in the SILICON CHIP 
reference bookshop - see 

elsewhere in this issue 
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& original, we'll publish it in 
ferigeitii a) (e)(-lelele) @ mel Merit 
some money. We pay up to $100 
ice) ar: Bee (elelebrelicetiigeie-1-mre)am'(e)! | 
could win some test gear. 


Silicon Chip Publications, 
PO Box 139, Collaroy, NSW 2097. 

























Advertisingyindex 


Australasian Exhibitions 
Cleverscope 

Dick Smith Electronics 
Emona Instruments 
Futurlec.... 

Grantronics 

Harbuch Electronics 
Hare & Forbes 

HK Wentworth Pty Lt 
Instant PCBs 


Kinsten Pty Ltd 

Kitstop 

LED Sales 

Microgram Computers 
1@Tor-F- 1a @10)8) (ce) em 
OzComfile 

PCBCART 

Quest Electronics.. 

RCS Radio 

RF Modules 
Screenscope 

Sesame Electronics 
Silicon Chip Binders.. 
S)1i[ee)am Oi a1] of s1ele).<-1816) 6) 
Silicon Chip Order Form 
Siomar Battery Engineering 
Soundlabs Group 
Speakerbits 
Speakerworks 

Splat Controls .... 
Tenrod... 

Terry’s Transistors 
Truscotts Electronic World 
Wagner Electronics 
Wiltronics 

Worldwide Elect. Components 


PC Boards 
imadialciehel cee lia eler-tce(cyie)gre)| e@.@)\ b@ ell a 
designs can be obtained from RCS 
Radio Pty Ltd. Phone (02) 9738 0330. 
Fax (02) 9738 0331. 


www. siliconchip.com.au 
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USB Endoscope HDMI Switch 150 Disc CD/DVD USB Temperature & 


Carousel Humidity Sensor 
Cat. 3747-7 $119 Cat No. 23055-7 $89 Cat. 6303-7 $289 


icroGram Comp 
at's New? 


















Cat No. 17090-7 $299 









Description Cat 7095 


7109-7 USB 3.0 External HD Case 2.5” SATA 
7095-7 USB 3.0 External HD Case 3.5” SATA 
7098-7 USB 3.0 External HD Dock 2.5” or 3.5” SATA 


Cat 7096 , 


Price 


Industrial LCD Arm USB to VGA Adapter Voice Activated Remote IP Power 
$79 
$99 


Universal Remote Switch 
$89 


sos | = 
. _ 2 Blo) oc) 


Cat. 4704-7 $159 





















7096-7 USB 3.0 ExpressCard 2 Port (for notebooks) 
| 7097-7 USB 3.0 PCle Card 2 Port (for desktops) 






Cat. 15179-7 $197 Cat. 3140-7 $299 





Cat. No. An amazing, easy to use handheld digital 


igh cat 3768 Price 
s7gacy _mismscope with USE output imerface. High $390.40 [) IP68 Industrial Mouse VGA to HDMI Mini Keyboard with USB HD to NAS 
resolution magnification at your fingertips! ¢ 


Converter Touchpad Adapter 
Detailed examination of any area you choose. & ‘ : ‘ 


Cat No 23066-7 $149 



























Cat. No, The Standalone Skype phone has been pre-loaded Cat 10286 Price 
ith Skype software. Therefore, you have access > 
10286-7 199 
to all the features and functions of Skype that $ 
were provided by your computer previously. Simply 
connect to a wireless network and it’s ready to go! 



















Cat. 1008414-7 $35 Cat. 8751-7 $142 Cat. 7112-7 $119 


Not sure which product you need? Call us today for friendly advice! 
1800 625 777 + Www.mgram.com.au ask@mgram.com.au 






LGA775 Motherboard Dual Serial 
with ISA to Ethernet 


ISA FDD & HD IDE 
Controller Removable HD Kit 


| Bi | 


| 














~ NN 
. win 


Cat. 2055-7 $59 





Cat. 15142-7 $359.00 Cat. 6615-7 $39 











ISA 16ch Digital PCI Watchdog Timer 56k External Modem 










Cat. No. Description Price 



















Cat 2297 \/0 Card 
2297-7 RS232 ISA Card $69 
2658-7 — RS422/485 ISA Card $199 
2315-7 Parallel ISA Card *€ $39 
3021-7 RS232 Universal PCI Card Cat 3021 $72 
2672-7. — RS422/485 PCI Card $229 


Parallel PCI Card $49 







Cat. 3527-7 $79 Cat. ACL7225-7 $489 










2726-7 RS232 PCMCIA Card 
f 2737-7 Parallel PCMCIA Card 


, $239 
Cat 2726 $199 








PCI to PCMCIA 
adapter 


Parallel Print Server 
















2456-7 RS232 & Parallel PCle Card $149 










2405-7 RS232 ExpressCard $89 
2406-7 Parallel ExpressCard GALES $139 
~ Ny 
| 2920-7 ‘USB to RS232 7 $59 it, 
2853-7 —_- USB to RS422/485 & $249 
USB to Parallel E 4 $49 
ee is Cat. 11293-7 $159 


Tal dal Ml eolae Naaleliivalas w SEE, 
_ WE HTT GULIVULG Nati» | 
Unique IT Solutions Heleonn. 





All prices subject to change without notice. For current pricing visit our website. Pictures are indicative only. 





SHORE AD/MGRMO710 


“Setting the standard in quality & value” 


DRILLING MACHINES 
¢ 1HP 240V motor - 
° 16-speed 
¢ 16mm drill capacity 
¢ Includes 16mm drill 

chuck & arbor 


THREAD REPAIR KIT 


© Metric (5,6,8,10,12mm) 


| 
Pith 


7 


il 


+ 


Drill Press Vice (v124) 
Pedestal Model 


(D140) 


TAP & DIE SET 32 PIECE 
e Range: M3 - M12 


HSS DRILL SETS 


25pce Metric 
1-138mm 


(0127) 
29pce Imperial 
1/16 - 1/2" 

(D128) 


Carbon Steel 
(7012) 


DIGITAL CALIPER GAUGES 


e Rotates 170° use at various angles 
¢ Digital and analogue display 

© Metric/imperial conversion 

e Accuracy 0.03mm 


ee (Be 
pea 


Outside 
0-20mm/0.0-0.8" 


(33-239) 


AL-30 BENCH LATHE 


© 250W 240V motor 

* 300mm between centres 

¢ 90mm centre height 

¢ 20mm spindle bore 

e Precision ‘V’-beds are hardened and ground 

* Cast Iron ribbed bed 

* Dovetailed cross and compound slides 

¢ Electric variable speed 0-2500rpm 

¢ High/low speed gear lever 

¢ Forward/reverse spindle direction switch 

* Conveniently mounted safety emergency stop switch 
Includes a set of change gears for metric thread cutting 


HSS : ae 

ee lai 
DIGITAL MICROMETERS 
IP54 (SPLASH PROOF) 


© Metric/imperial conversion 
e Resolution: 0.001mm/0.0005" 


it O-D 
10-125 


Range Accuracy 
0-25mm/0-1" 0.004mm 
25-50mm/1-2" 0.004mm 
50-75mm/2-3" 0.005mm 
75-100mm/3-4"0.005mm 


Inside 
10-30mm/0.4-1.2” 


(33-244) 


(10-128) 


Includes 5 piece 
8mm Turning Tool 
Set 


SYDNEY 
BRISBANE 


Ph: (02) 9890 9111 


Ph: (07) 3274 4222 PERTH 


PRECISION GROUND | B) 


100% Australian owned 


WORK BENCH WITH BACKING PANEL 


= 


¢ 1370 x 510 x 38mm table 
¢ Ball bearing slides 


(A384) 


HOLE SAW SETS 


¢ Bi-Metal high speed steel 


hole saw set faves ‘ 
¢ Includes 3/8" > 600 
©6690 


& 1/2" arbors, 
pilot drill & 

=e 
Pcs 


) 


spring 


Type Range 
Plumbers 19 - 
Electricians 22 - 
General 19 - 


SOLID CARBIDE BURR SET 
5 PIECE 


© Double cut 


57mm 6 
64mm 6 
76mm 11 


(D103) 
(D104) 
(D102) 


(B900) 


¢ 3/8" & 1/2" sizes 

Industrial quality 

DE-BURRING 

TOOLSET , 

Countersink Set ~ a 
(D064) 


e 1/4" shanks 
HEX KEY SETS 9 PIECE 


¢ Flip open design 
e Extra long ball end 
hex keys 
¢ Ball head design allows 
turning of hard to reach 
fasteners 
. 
FITTING & MACHINING 
BOOK 
* 639 pages 
of technical 
information 
e Hard cover 


IMPERIAL 1/16"-3/8" 
(H800) 

METRIC 1.5-10mm 
(H801) 


SEE MORE 


MELBOURNE Ph: (03) 9212 4422 


Ph: (08) 9373 9999 


Est. 1930 


* ee 


_|,NNIVERSARy 


* A384 shown with 
optional accessories 


TOOL CHEST & ROLLER 
CABINET 


6 Drawer 

Tool Chest (1690) 

© Lockable by key 
¢ Ball bearing slides 


HOOKS 

Double prong 
Single looped 

12 x screw driver 
Rack for buckets 
BUCKETS (size) 

110 x 105 x 50mm 
140 x 105 x 75mm 
220 x 140 x 125mm 
270 x 140 x 125mm 


3 IN 1 SHEET METAL 
MACHINE 


Bender 
Rolls 
aa | 


(A391) 
(A392) 
(A393) 
(A394 
5 Drawer 

Roller Cabinet (1695) 

e Lockable by key 
Ball bearing slides 


PACKAGE DEAL for both 


MAGNETIC BASE & 
METRIC DIAL INDICATOR 


¢ Magnetic base with 
on/off switch 

¢ 0-10mm dial 
indicator 

© Comes in a blow 
mould case 


(A430) 
(A432) 
(A434) 


(A436) 


300 x 1mm 
760 x 1mm 
1000 x 1mm 


DE-BURRING TOOL / SET 
oe Epi ce a 


Deburrer - 10 x blades (D060) 


(S648) 
(S650) 


(S652) (M055) 


HAND SHEARS 


4mm Shear, 
150mm Blade 


Universal Kit with 2 holders & 6.5mm Shear, 
accessories 300mm Blade 


HM-10 MINI MILL DRILL 


© 350W, 240V motor 
© 385mm x 93mm table 
Electronic variable speed 
© 2 speed gearbox 
¢ Head tilts +45° both directions 
© Ground work table with T-slots 
¢ Spring return assisting milling head 
¢ Vertical micro feed dial .025mm 
¢ Metric dial graduations 0.02mm 
e 2-speed gearbox (high / low) drive 
system to maximise torque 
¢ Travels: 
(X) 228mm 
(Y) 100mm 
(Z) 190mm 


(S186) 


(D062) (S188) 
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Specifications & Prices are subject to change without notification. All prices include G.S.T. and valid until 31-08-10 (*WA prices may be higher due to freight costs) 





